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Dur'ing f"0cent years the concept of incrx-?asing pv'od ac- 
tivity has generated great deal of discussion in business 
arid economic circles especially in the Prmed Forces of each 
Nation. This iriter-est has motivated research into the area of 
productivity measurement . The purpose of this study is b<:« 
c:i p V e 1 «::• p a rn «:« del f r rn e a s i.i r" i n g p r ii*i d i j c t i v 1 1 y a ri c j t p r- e s e r 1 1 
1: e c: h n i q i.i e s f o r r:i r- g a n i z i n g a ri d i rn p 1 e rn e ri t i n g a w ci r k s h o p 1:1 f a 
fv’ a N/ a ]. b -a s e p r o d u c t i v i t y . 

TTuf results of this resezirch serve a wide variety of 
1 1 e e d s s u c h a s j 

> Human resource allocation and effective control over a 
Navy work.shop rnaint enance facility. 

Personnel performance improvement . 

<- P set of rne?thods for measuring productivity. 

Proiducts of this study are the following: 

^ Development of a general productivity rneasurernent model 
L\t a firm level which can be modified and applied to the 
operations of a workshop in a Naval base. 

Ident i f icat ion of critical factors that are required in 
an effective productivity measurement system. 

Finally, it must be noted that a successful productivity 
measurement is the represent at i ve indicator for the future 
treatment and success of every organi zat i on. 
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I • intro duc tion 

Not many years ha'/e passed since the Advanced Nations 
began to be concerned with the concept of productivity and 
the creation o<f methods for its incr'ease. This was neces-- 
sa)'v ^lfte■r the warning of the Bureau of Labor Statistics 
whosco measurement s indicated that pro*d uct i v 1 1 y was de'ciiw- 
ing at an alarming r^ite. T^^ble I displays current data from 
the B>ureau of Labor Statistics on the rate oF growth 
prod uct i V 1 1 y . Exaniination of Table I suggests a small per-- 
ceritage of increase in productivity for" thr^ee countries 
during the decade of 70’ s, while remaining countries suffered 
a r'-educed in pr"oduct i vi ty. In the beginning of the decade of 
80’ s all the mentioned countries demonstrated a decrease in 
productivity which if nc't stabilized could prove to be sig- 
nificant during the coming decade. CRef. 1 : p. 51 

Stopping this decline in proiduct i vi ty will not be easy- 
First, the concept of productivity must be clear; indeed the 
term itself has never really had a universally accepted 
definition- Second, in order to improve productivity, scTne- 
how productivity must be measured. This implied capability 
to measure and adjudge product i vi ty, a concept which itself 
is unclear, is definitely easier said than done. The area of 
pro«duct i vi ty i rnprovement is v"ecei ving unprecedent ed at tent ion 
these days, largely due to the fact that it is cine of 
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UORLDU'IDE PRODUCTIVITY COMPPRISON 
PRODUCTIVITY: PNNUPL PERCENTAGE INCREASE 



DURING THE PERIOD 
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1987-73 


1974-80 


CANADA 


4. 3 




4. 9 


£. 3 


FRANCE 


5. 4 




5. 7 


Ci. 1 


ITALY 


7. 3 




6 . 6 




JAPAN 


8. 5 




10. 0 


4. a 


WEST GERMANY 


5. 8 




5. 0 


5 . 0 


UNITED KINGDOM 


4. 1 




3. 8 


0. 6 


UNITED STATES 


4. £ 




E. 9 


a. 1 


E) i.i r c e : B i J e a u of Lab o r 


St at 1 st 1 cs 








the most effective weapo 


ns against 


i nf lat ion. 


Researchers, 


ec: on<iirn i s t s , i nd us t r i a 1 


eng i neers. 


rnanuf act ur i ng 


eng i neers, 


stat ist icians, managers 


of all types 


and from 


all si zes of 


organii^at ions, and many 


others have 


been paying 


more at ten- 


tion to the concept of productivity 


improvement , 


but a cat-'e- 


ful analysis, as shown in Figure 1.1 




will show 


that this is 


only one part of the 


product i vi ty 


cycle. This cycle of 


product i vity is an on-g 


oing process 


for any 


or gan i zat i on 


which has a Productivity program and. 


once set 


i n mot i on. 


keeps repeating itself. 


The first 


step of the 


Product ivi ty 


cycle is p^'od uct i v i t y 


measurement , 


f 


ol lowed by 


eva 1 uat ion. 



planning, and finally i niprovement . CRef. E:p. 10] 



Ic! 




Pigurf3 1.1 Productivity Cycle. 



Emphasizing the need for productivity ifiiprovernent , this 
thesis provides st ra i ght f orward descriptions of the most 
traditional industrial eng i near i ng methods for measuring and 
improving prod uct i v 1 1 y , in such a way that the researcher's 
and managers who are working in the workshop of a Naval base 
have a good tool for organizing and improving productivity iri 
their area. 

To succeed all the above mentioned this thesis has seven 
chapt ers : 

Chapter I Intv'oduct ion 

Chapter II Reviews definitions of productivity and con- 
trasts them with definitions of organiza- 
tional effectiveness and quality of working 
life. 

Chapter III Analysis of the meaning of productivity in a 
militar'y environment such as the Naval base. 
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f j r' M 0 a S I.l r * X f'l q a n d 



Chapt 0r' I V 



Hp-fO ^.Cl"i0-=S 



FI ••/ a .1 u a t L T'l q P r • i. \ j.- c_ 



tivity with ernphasi^j; to the worke.hope of a 



Naval base. 



Cliapter V Presents a general pr^od act i v 1 1 y model which 

can be adapted easily to the purposes of the 
wo r'lishops. 



Chapter-' VI Descr-'ibes all the r^equir^ed factors for' the to- 
tal pr'oduct ivity rneasur'ement model. 

Chapter- VII Sarnmar- i :^es the major- conclusions fr-orn the 
pr-eceding discussion to developing a produc- 
tivity rneasur-ement methodology for- use ir*i 
Naval base wor-kshops. 
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I .[. BPCKG ROUND 



P. DEFINITIONS 

Prod uc:t 1 . V 1 1 y is c\ subject that everyone has encc.'unt et^ed 
.in one form or another, but the exact rneamncj of the ter'fn i.s 
•ufteri badly confused- This section will reefer to some of 
t h e most common d e f i n i t i ons o f pr od i.ic t i v i t y and help clarify 

Lhe conce^pt by contrasting it with two related conceepts 

organ! sat lonal effectiveness and quality of working life. 
Product 1 vit y may be defined simply as a re 1 at i onsh i p of out- 
p u t t o i n p u t , V 1 1*1 e c o rii p a i s o n c< f a n i n p u t i.i s e d i n a 

process, such as man-hours of labor, units of capital, quan- 
tity of raw material, with the consequent outpi.d;. 

" Prod uct i V i t y " is oft en confused with " Prod uct i on " . Prod uc- 

tion IS only the numerator of the Productivity ratio. The 

inputs that went into the process are not considered, 
i • The Economist’s View 

Pccording to a leading productivity economist, [Ref. 
l:pp. 7-0] Productivity is the relationship between output 
and its associated inputs when the output and inputs are 
expressed real terms. This definition can be depicted as 

the ratio* 

Out put 

Productivity - 

Inputs 

This definition is developed from production theory which 
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1 1 0 fii p ■}= t j 0 K p 1 1 n t ^■i 0 p f ■ o c 0 0- -::3 b y w h i crh i n p i ^ ■*: >;:• ? 

q a ri X :: c? t i «:■ n a e t r " a ri s f o rn e? d x ri t »:;i p r c> d ij. c t s i=. ^ i o w ri x n F' x g u r‘ 0 



I riput s : 



Labor 



Syst 0m 



T r' a r’l f C' r rn a t i »::• n s 



Oat pat s : 



G C' C' d s 



Ca p i t 1 

Equi prnent 



Services 



Fac i 1 i t 1 es 



etc. 



Ex‘i0r'gy 
Materials 
Dat a 

Pr'odact 1 vi ty 

□ 

I 



Figure 2.1 General Productivity Concept 

The basic production function states that 
volume of output (D) is a function (F) of the volume o 
basic productive factors- These are labor (L), capital 



the 
the 
(K) , 



IS 



pur chiased f r ou^ 



intermcfd iat e products purchiased fr ■srn otii 0 i fir-fris (X ■ ,r,d 
1 0 '/ 1 ? 1 Ci f p r o d I..I c t 1 V e b f f i t e vi c y vj hi i c h r: hi a ri g e s 'S v e t i rn b M' ) . 

Q - F (L, K, <, T) 

Typically, a prod uct .i on f unct i ':jn hac the form sho«wvi 
1 V I F’ ]. g Li r- ee 2 .2 h e ri •:;< n 1 y C' n e i ri p u t v a r - 1 b 1 b is p r e a e ri t « f- r ci rn 
bhiB function one can deri vt? Buch productivity indicB-a as 
labor productivity - Q/L, Ccapital productivity - G/K, etc- 
I f all inputs are incli.ided in the denorn i nat or of the ratio 
we fiave what is called a " mu 1 1 i -f act or " or "total fL\ctor" 
pr 'Od uct 1 V i t y rat i o . 




Figure £.2 Typical Production Function 
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The En g i n eer; 



View 



The en g i neer" ’ s d e f i n 1 1 i ori o f prod net i v 1 1 y d i f f er -s 
from that of the economist CRef. l:pp. 3-.103. Concept ua 1 1 v , 
the engineering a^pproach to productivity grows out of the 
"nor'-mail engineering e;< press ion for the efficiency of the 

niac. h i ne " . 



Useful Uork 

E f f i c: i ency - - 1 

E’ner gy 

Thus, since outpjut (useful work) is a result of input (energy 

si.gjplied) in the physical sense, the engineer’s ratio cannot 

be greater than unity. Considering productivity as basically 

syrion^mous with efficiency, the engineering approach leads to 

three definitions of productivity- 

1. Generation of useful output from input 

Usef u 1 oiat put 

( ) 

I r'l p U t 

E, Efficiency of input utilization 



Effect i ve i nput 

( ) 

Actual input 

Act ua 1 out p'lt 

3- Output Efficiency ( ) 

Potent ial output 

3. The Account ant ’ s View 

Accountants concern themselves with the financial 
performance of or gan i zat i ons- The "tools” for monitoring 

financial per f orniance in organi zat ions are financial ratios- 
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hkvr ly 



rat i 






Dr Od I.i.ct 



f t hi 0 : ■ B 



Ljut put / 3. npu.t 



V ' a J: i s a ri d are t h e f 1 1 i ■i ‘i y ; 

1 . Profit /Capi tal Employed 

E. Prof it /Sales 

3 . Sa 1 es /Capital E:.rn p 1 oy ed 

4. Sales/Fixed Pssets 
u . E) a 1 e s / S t C' c k s 

6, Sa 1 es/Ernp 1 oyee 
7 n Pro fit /Em p 1 oyee 

Girice these i\re sales-based ratios they have less to do with 
production efficiency and more to do with factor's in the 
mar ket p 1 ace- Th^erefore, they may be misleading if inteY'“ 

p-f'eted as pr>oduct i vi ty rneasut'es. CRef, l:pp. 3-10] 

. The Indust r ial /Organ i zat ional Psy c hologist ^ s Vie w 

The concern of the industr ial /organ i zat ional 

psychologist is with investigating human behavior in 
organi zat ions. Productivity, defined as out put / i nput , is a 
"results" oriented variable that is partially a function of 
h^ehavior, but is also affected by other' extraneous aspects 
of the work env i ronrnent . Thus, as a criterion against which 

to Judge the impact of various attempts to modify human be- 
havior in organi zat ions, productivity has not proven as use- 
fi.il as criteria which are defined in terms or worker 
behavior. CRef. l:pp. 11-lEH 
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• 1 ' ^ n a q e ^ s V .i. e w 

In the United States the rnanagers have a broad vxeu 
fjf the meaning of Product ivity. During a survey of f;v*/o 
groups of managers, Chief Executive Gffice^rs; (CEOs) and In*- 
dusbrial Relation Officers (IRGs), approx i mat e 1 y 5,450 ques- 

tiorinaires were mailed to CEOs and 950 to IRGs. In the 

s ij. r V e y , f ii a ri a g e r" s we r' e a. s k e d t i ri d i c a b their' a g r' e e m e n t i:i r' 

disagreement with a number of possible statements concerriing 
the meaning of pr'o«d uct i v i t y . The results av'e summar'ized in 

Table II. 

Based on these responses, it appears that most of 
the managers polled would find either the economist’s or 
eriginee^r’s deEffinition of productivity to be too narrow. 
CRef . 1 : pp. 10-1 1 ] 

& - E ffect i venefss and Product i vi t y 

The distinction between effectiveness arid 

productivity remains confused. In attempting to clarify 

this relationship ther'e appear to be thr'ee viewpoints 
expressed in the literature: 

i. pr'oduct i vity as a dimension of the broader concept of 
effect i veness. 

5. productivity as a broad concept which encompasses both 
efficiency and ef f ect i veness. 



productivity and ef f ect i veness as being separate but 
re lat ed concepts. 



TABLE II 



MANAGEIR’S DEF“INrriON OF PFv'GDUCT I V IT V 

Pr-od Lict i V :l t v def i ri 1 1 i on i nc: I udes : “/- Ag ree j. rig 

1 . Ojm\ I i t y as we I I as q uant i t y 95 

F: . Output p e r rn a ri h o i j. r ' in o n e? 

c o rn p a n y cit r-' i:;i r g a n i ;; a t i c:' r i 9 

3 . 0 V 0 ‘r'a 11 e? f f i c i sncy and 

effectiveness of the operation 88 

4- D i srrtpt ions, "shrinkage, " 

sabotage and other" tr^oubles even 73 

if they are difficult to measure 
5o Rate of absenteeism ar'id tur^nover" 

as well as output 70 

B. Customer" or" client satisfaction 64 

7. Employee loyalty, mor'ale, or" Job 

sat i sf act i on 55 

3. Ratio of output to input by industr'y 

or" sector" of the economy, but not by £2. 

individual or'gani zat ion 



El 



i-'rod i.ict 1 V 1 1 y in the pr ate la i.'"ua\lr det nen 



(a'B Buggasted 


e a r' lie r' ) a -=s a t ' a t ,i o i;« f o \.(t p u t 


per 


ij n 1 1 


r 


input. This 


c j e f 3. r-i 1 1 i r'l i i- d e c p t i / e 1 y s i rii p ]. e 


, however'. 


Di s- 


agreements still occur over many basic quest 


.1 c» n s : 


Is 


It 


1 “ C i. 1 1 j p s j. 


b 1 e t o rneasur' c? prod uct i v 1 1 y ? 


How do 


yo u 


t ake 


Into accouni: 


t hi e s a r i e t y of t asks w 1 1 h i n one J 


Ob';’ 


H 'i« Vi 


c a ri 


y C‘ u c p a r • a t e 


t hi 0 c L.i r i t r i b u t i <::« ri s «::« f staff h c« u r'- s 


fr'orn o 


t her- 


1 n- 


puts such as 


capr i t a 1 i nvest rnent ? 









In the public sector, the definition of productivity 
encompasses t wo component s , e f f i c i ency and effect i veness. 
[•■f f 1 c i ency meeasurement s assess the cost per unit of output. 
Usually quantitative in nature, efficiency rneasiares typi- 
cally use staff hours as the basis for' ir*iput rneasur'e^s ar'id 
>::|uantity produced as output measur'es. A more soph ist icated, 
but rnor'G difficult input measur'erner'it is total r'esour'ce 
expend it ur'es, which may iriclude energy use, capital, 

invest merit , depreciat ion, over'head and other' cont r'i but ions 
input s. 

Thus, efficiency is usually thought of in ter'ms of a 
r'atio that r'eflects a cornpar'ison of some aspect of unit per- 
for'mar'ice to the costs incur'r'ed for' that per'f or'rnance and ef- 
fectiveness is defined as the degr'ee to which an or'gani zat ion 
c-ichieves its goals. CRef. l:pp- 15-17] 

7 . Quality of Ulor'kir’ig Life and Pr'Oid uct i v i t y 

Quality of wor'king life is a concept which has al- 
mc'ist as many def ini t ior’is as or'gan i zat iona 1 effectiveness- 



0 T ( e f the n i d 0 V 1 n 0 s t hi e 



q u. a I .1 1 y o f i jo r’ k i n g 1 1 f (f? a :e fo .1 I c-i-i -s : 

n worker can be said to erijoy a highi quality of worl- ing 
life? when he (a) has positive feelings tovjards hi?? job and 
its future prospects, (b) is motivated to stay on the- job 
avid pei'f orni we 1 1 , and ( c ) fee Is hi s work i ny life fits we 1 1 
with his private life to afford him a ba lance between the 
twoi iv ‘1 terms of his personal value-s, TRef. 3:pp. 

Hnot her- de f i n i t i ovi, st at es : 

the quality of working life as a set with four elements: 
secur' i t y , eqij. ity, i nd i v i d uat i on , and democracy. L'Ref. 4:pp. 

4:1 



s e p a r- a t e f r* o m 
product i vi ty , 



Either implicitly or explicitly, all of these ap^ 
pr'oaches v i ew q ua 1 i t y of work i ng life as concept ua 1 1 y 

objective outcomes of the workplace such as 
The conclusion is that quality of working 
life? and pr^od uct i v i t y are conceptually distinct but com- 

patible concepts. Most would agree that productivity im- 
pr-'ovement s frequently accompany improvements in quality of 
working life. The procedures taken by organi zat ions to im- 
prove quality of working life may be very similar, or 
identical, to the procedures required to improve labor' 



product i vi t y. 



CRef. 



1 :pp. 17-19] 



III. 



PRODUCT TVITV PROBLEM IN THE NPUPL BhSEB 



H. NPVPL BPSES 

The nava. 1 base-:* iii a very complex activity, whoi:i:G main 
tar>k is to maintain the combat capability of a ship at its 
tnyl'iest level by performing corrective and preventive 

nia i nt enance. When the ships ret urri from exer-'cises t':« thie 

rifAval bases there ar^e numer^ous f unct i ons to be completed 
SKXch as f ue 1 i ng , vamrnun i t i on rece i v i ng , nia i r'lt enance? ar'id 

inar-h i ner-y r-'epairing, electr^onic equipment ar“id weapons sys- 
tems r'epai r . 

Therefor^e, each r‘iaval base is composed of differ'-ent 
divisions, each or’ie specializing ir*i the fulfillment of a 
certairi task. The components of these divisioris ar^e 

wor'kshops, stor^e houses of sparse par^ts, amniur*i i t ion supply, 
missile iristal lat ions and fuel -tanks all of which ar^e staffed 
and equipped to fulfill the demands imposed by the .jobs to 
be per^f or^rned. 

Figur^e 3.1 pr-'ovides a gr^aphical look of the const r-'uct i on 
in a Naval base. Under the Command er^ of a Naval base ther^e 
ar^e five subsections the combination of which complete it’s 
task. The first one is the technical section the r'ole of 

which is the repair of the ships in such a way is to be main- 
tain combat capability at its highest level. Second, is the 
supply section. The mission of this section is to keep the 
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Figure 3.1 Typical Naval Base Organ i zat iori 



r'lb^ L, zj/’-zKY 'r' SS t ' .-•rr '-* r '= r "-^z: ^ ’:;• L !■' :; 1 {' C i.j'ri ^ *r? t '.. i j 1’ t ■ '? 

•c.-; i j. p ply of the hj i p s . T h i s e:-: & c t i i:.i i *i m i.i sh- t b a f-: e p t i r*i >::■ i. • j a c: ci i. 

1 a b ■;:< r' a t i o ri with the w o r" \< e h !;:■ p e? c t i •; ;• r\ f o r r 0 p a i r c* f ri 1 a c h 1 . *1 e y 
arid e 1 act r i ca 1 /e 1 ect r on 3. c eq i.i 1 pmevit . Th 1 r d , the f ue 1 eec: t j. ori 
\\z\-i i;he r'e-^pons i b i 1 i t y of rn a i n t a .1 n supply of all kinds of 
fuel and oil fuel, rnc’inut, keroiierie- oi 1 , paraffin oil, 

el-c. ) - On the docks ther'e arua an adequate ni.iinber of pipes 
with specical connections fY'oni i;hich the ships cein be supplied 
v^i .1 t h d i f rer*ent t y pes o f f ue 1 and oil. The arnniun i t 1 on supp 1 y 
oecticvn follows, and has the r“-ole to supply the ships with 
the diPfererit typjes of arnriiur’i 1 1 1 on, but it has also the neces- 
sary t ech Y'l 1 c i ans and equipment to repair shipboar^d ai'niament. 
There is also, another' section which is responsible for hav'- 
bor f^^cilities, such as the movement ships fr'^om one dock to 
another' by tugs, etc. Ther'e are also, other' available 

facilities such as the hospital which offer's medical services 
to the staff of the Naval base, etc. 

Since the complexity of moder“n wardships is so gr'eat, 

as stated by Gr'ahlman [Ref. 7:p. 113, 

n raaval vessel is a totally integrated weapon system where 
space, weight and sur'v i vab 1 1 i t y are carefully balancred 
fact ors. 

£\rid becomes greater from day to day, the greater' per'centage 
of naval base activities belongs to the wor'kshops. Each 

workshop can be expected to undertake jobs iri orily a spe- 
cialized ar'ea of a particular system, such as machining, 
electr'ical wor'k, pipefitting, sheet metal wor'k, etc. 

ES 



F :t y i.rrc-:* >jn c:' r-hc‘«ws h<::'W thie t n j. 1 s p c : t i o n i. or u] 3. n j i ir 
dpr the? Gerier'al D i r^ect ct' ther'e aroa a i x z?u.bd i v l a .lorv?:. . Fhio 
r-' r •::< c.] v ' a rn m i n g s p c t i n i s r e a p ri s i b 1 e f ej r a 1 1 c: a t i ri g t hi e a v a i I - 
a 1*J 1 e re e 'i' i j r c e? s a c c c« r ' d i ri q t o s h ip r' e q u i r e rn e n t e? . T' h e mis s .i. in n 
of the workshop section is to ^^ccomp 1 i a;h the differ'-ent types 
'Z' r r e p a i r ' es b y 3 i.i p p r-- 1 i r’l g the r e a «d i ri ess c« f t h e? ships a r*i d rn i n i 
m 1 i n g t h e c 'Z* s t » T hi e e .1 e c t r i c a 1 e ri e r - g y e c t i c: ri h a s it s o is' n 
g e n e r a t o r *• s a. ri d c rn p r e z? s «:j r* s t o s u p p 1 y the ships with 
electricity and compressed air- The chternical labor^atory 

checks p..:rrts of the macfTines to perform the spec i f i cat i ovvs 
ancJ st andards. The e 1 ect t-' i ca I /e 1 ect ron i c: sect i on i s respon- 
sible for repairs on electrical circuits, gener^ators and 
electr-onic equiprnerit. Finally, the design sectiori di vises 
plans for- new const r'uct i on and assesses ship system perfijr- 
rnavice after modification. The Jobs range from a single 

r'OLitine r'epair' operat ion to an extensive full ship over'hai.il. 
There is negligible os^erlap in the ^^rea of special i cat ion 
between shops of the same division. The wor'kers of any 
W':;r)"l<shop are often trained not only in certain special i::ed 
areas, but also for equipments for only a cer^tain type of 

ship. There are workshops which demand that per^sorinel have 

a high level of technical knowledge (e. g. , electronics, 
weapons systems etc. ) z^nd other workshops have less dernarids 
(e. g. , boilers, piping etc.). CRef. 6:p. 83 
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Figure 3.2 Technical Section Organization 



Sf^OP 
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T‘ h e r- e are t u' o p a rt i e ?:•; w i: :• r' k i n y ■” i ra u 1 1 a r'i e 1 . 1 >.;■ 1 y i : . 

o 1 r I g d 1 f f e r" e n t b u t s r. n i e vj h a t t'- g 1 a t e d j o b a , d i j r- ,i n g t h -a .• > i' 1 1 1 . j ' 
repair in a naval base. The first- is the n-avaJ. base 

per'sonnel, and the second is the ship’s force. 

These t w p a r- 1 i e s h v e the i r- o w n e s p «::« n s i b i ]. 1 1 i e s d u i i ri g 
idle ship’s r'CfDaim Bas.Lc-i> 1 ly, the shipo’s personriel have ihe 
r-' e p o n s 1 b 1 1 it y i“' f c c> ri d u c t i r i g 1 a i n i n g in cj r d e r t o rn a i ri t a i r i 
the ship’s operational readiness while f i.i 1 f i 1 1 i ng the 
scheduled activities of ship project netv-^ork within the 
spei::ified t inie limits 'without causing any delay in the ac- 
t i V i t i es o f the na va 1 base per sonne 1 . 

On the other hand, the naval base personnel have the 
responsi bi 1 1 ty to £\ccomplish the repair of the shiip effec- 
tively as possible thus suppor'ting the operational readiness 
of the ship and minimi :: ing the total repair cost. 

Thus, three? or four months before the start of the over- 
haul process the management of the ship prepares the work 
package and sends it to the prograrnm i ng section of the naval 
base. 

Usually a pre-test and inspection is conducted jointly 
by the naval base personnel and the ship’s force to dete*r'- 
m i ne th,^ hull and machinery condition, define the Y'epairs 
requiY'ed and thus allowing them to prepat'e a menu accuv'ate 
work package. Finally the naval base scheduling office, 

which is a subsection of the pr'ogramming section, creates 
the project network, based upon this package. 



b'.rict? there is a limited arnour'ii: of ^ I ^ h i :? ve- ■ i.r ; 

^ budget, capital, labor ehc. ) , there ore s^jfiie requir'od ,j ^ 

which are not iicceptc^d by the riav^al base- Therefore?.^ thiese 
.jobs are undertaken by the ship’s Force. 

□ t hi e r f a c: t y - s t h a t rn a y r- e s u 1 1 i n c o r*i f 1 i c t b e t w e e ri t h e 

r; a. V a 1 b a. s *:•? a n cJ s hip’s p r' i;j . j e c t n e t w r*- ! < s a t ' e the? f 1 1 'O w i n g : 

1 . T h; e i r I f ta r rn a t 1 o n flow b e t w e e n the s hi i p a n d r ‘i a v a 1 b a s e 

<.:« n c e? r' ri i ri g t h e rn a t e t' i a 1 c c« n d i t i o n i t’i i:j t c rn p 1 e t e , 

t":. Since the naval base personnel have no access to the 
ship o?xcept di.rr'ing the pi-'e-test and inspection period, 
tli 0 work. package is often prepared undev" strict time 
c_ onst f'a i r'lt s and the estimated works may not be 
•accurate as de-si red with new job requirernei*nt s often 
being added to the existing network. 

n- Additionally there are some other factors such as 
i 1 1 n e s s ci f 1: h e w <o r ' k e t' «o r s o rn e e p -a i t' m a t e r i a 1 a r \ d 

t 1 s rvh ?. ch are not aval 1 ab 1 e when needed . 

4. Funds, manpower, woi^ker’ s facilities, and materials 
rc?-qui*red ^ire not determined early enough or with suffi- 
cient accuracy. Thu-s, the resources cannot be well 

developed in advance of over^haul. CRef. 8:pp. iO--13H 

3. STATEMENT OF THE PROBLEM 

It is fact that there is a limited supply of a wide 

variety of resources : people, mechanical and electronic 

equipment, etc. In his natural environment man has many 
needs, which are satisfied by the usage of material and 
services that are called goods. The majority of goods 

however, are rather scarce and thus a fundamental pi-'oblem 
faces the planners of each naval base as to how to 
allocate/use available resources so that the greatest number 
of the base’s needs are met. If more resources are 



3..! 1. 1 ; j Cl <3. t f;? d 1 1 ..‘ '.‘j rit? 'Tijrict d. c>ri, rc-?Wir?>' r o >j. r" c 0 ?> i 1 j. r t3r'‘!.3 j. ri i; ^ ■ t:- 
allocated for 0 'the?r cerviccij. L'f^cf. 5:pp. d-4J 

Success of any repair funct3.on in a naval bd-ise 1 r. based 
«a n t h 6? c o n t r 1 b u t i <:« n o f ni a n y p r o duct i v e f act iii r s ( ^ . c] - b u m a n 
labor, machinery, bui.ldirigs, etc.)» Thus, the mairi respon- 
s .1 b 1 1 .1 1 y f p e r' =■ O' n n 0 1 «; j f t he p r ir* g r a m ri 1 i n g sec t i i:* ri i n a n aval 
base iS to analyiie and determine the priority and duration 
ijf each job in marr-hours and to determine the workshop! i VV" 
vol.ved and the resources which are needed. This informa- 
tion IS usi.i.ally put m an arrow diagram foru^ and con- 
stitutes the whole plan of work that must be done to the 
ships during periodic maintenance or overhaul. This plan is 
used by the planners who must assign the resources required 
each day (labor, capital and physical means) . CRef. 6:pp. 31 

The factor of labor in a naval base includes only sh i pd s 
force and civilian repair personnel. When the activities 
are a kriown quantity theri the factor of contribution of 
labor depends on the size of the labor force. The size of 
this labor force can vary according to the size of ac- 
tivities of the naval base. 

Capital includes all facilities such as machinery, wet 
docks, floating docks, cranes, buildings, means of transpor — 
tat ion etc. that have been produced by man and utilized in 



tur'n in the accornp 1 i shment of other services. 



T !"i p ^'1 y .1 c a 1 fii i:? a n a i n c .1 :.i d 0 0 a I .1 'r 0 i j i r" 0 r.1 g '.j- > .i a > .i 



1 II tA t i~: r‘ 1 a 1 s « 


These are 


riot 


necess.ar i 1 y 


fiKCu in 


(] ua nt i i: . r 


i:Ref. 5:pp 


, 17-19] 










Si nee 


under riorrnal 


c 1 


c u rn s t a n c e s m «::« r' 


•e than une 


ship, in 


fact ma.r'iy 


sh i ps, will 


be 


pruesent at 


the same 


time for 


v'epa i r s, 


m a n y p r 0 j e c t s 


h a V 


e to be dealt 


w i t h s i mu 1 1 arieous 1 y , 



b. V 0 n t h i.i g h i t rn a y a p p e a i-' t h a t the r" e p a i r -a a e i ri d e p e n d 0 n 1 ; , 



there ar"-e many i nt eract i ons between them because of the 
ut i 1 .1 ;-:at L on of one type of resource for one of them r^educes 
^he-? ava i 1 ab i ]. i t y of that resource for the rest of the 
p-rojects I'Ref, G;p. 91. It is thev'efore, imperative that 

the avcaxlable resources (workers, equipment etc.) be used as 
efficiently as possible. 



Therefore, the most serious problem that the planners 
face in a Naval base, is the allocation o«f available 
resources (hunu^n force, mechanical equipment etc« ) acroiss in- 
d i V i d ua 1 requ i rernent s ( ma i nt enance of sh i ps, overhaul 



processes 



etc. ) 



IV. 



MEPiSLl R I m PRGDUC T I V I TV 



This chapter considers various approaches to rnec'ASur i ng 
Naval base wor'kshop productivity. The purpose of the fir'st 
ii/jo i rit r oduct ory sections is to present a clear underst and i ng 
of the concepts behind the measures of productivity that ar'e 
ui^ed for- analyfsis of its role in the workshops of a Naval 
b a s e , G •::* i n a d d i t i o n t la t o t a 1 Prod uct i v i t y rn e a s ui*" e s r e 1 a t i ri g 
oucfjut to rail inputs used in production, output may also be 
r-iTjIated separately to each major class of input. In this 

chapter the meaning both of total Productivity and of the 
spectrum of part i a 1 Prod uct i v i t v ratios is presented. CRef. 
9:p. lED 

The following sections present a description of a number- 
of basic considerat ions in or gan i zat i ona 1 measurement that 
should be used in analyzing productivity measurement 
approaches. Categories of measurement methods reviewed are 
efficiency measurement, and effectiveness measurement. Effec- 
tiveness and productivity may be examined from one of the 
following standpoints in the Organi zat ion’ s level. 

1. Division 

£. Section 

3. E< ranch 

4. Workshop 



J. han<r nd i ■ :=.t r" i a 1 ] ■ nec-r ha' 0 ~e« 1-1 

d 0 •••/ 0 1 i:t p .1 n [j a r, d r*- ra f* 1 r*i 1 n q t h *:-> p r > j 0 d u. r 0 a 0 e f.i i:. •: j m e? a 3 kk v e w •. j r • k . 
G I: cA n c j a r ■• d m e? t h o d cj ]. y 1 e? s , a ri 'a •::« 1 v 1 ri y b *:;> t h d 1 r 0 r: +; a r \ d y n t hi 0 \ 1 c 
rn 0 a 3 Li 0 rn 0 n t p r' o c e d i.i v e 3 3 i.i c: h a 3 time s t 'a d y , w i.j r ' k 3 a rn p 1 i v 1 1 \ , 
staridard ciab-a^ pr -e-r-det er rn i ned t irne systems, and phys 1 o 1 oy 1 ca 1 
rneasuf'c-s , are the meaear'ement tools available to the Tn- 
di.^it r- 1 a 1 c?ngirieer. The use of modern computer technology has 
L:h,a.nged and refined the traditional nieasur'ement devices, 
but the procedures remain the same. [Ref. 10 : p. 131 H 

n. GENEPPL MEfiSUREMENT ISSUES 

^ * M easu rem ent Def i n 1 1 i on and Benef its 

Measi.irement is a process which involves assigning 
numbers to objects (i.e. repair machines, workshops 
involved), events or attributes according to specified rules 
or pr-ocedur'-es. More precisely, a measurement oper^ation is: 

a standardized rule that maps each of a set of objects into 
ovie, and only one, of a set of categories or numbers- [Ref- 
. 1.1 :p, 51 

The concept of st andard i zat ion is critical to the 
fiie?asurement process and, in practice, means that different 
people who apply the rule to particular events and situations 
obtain very similar results. Thus, an organi zat ional pr^oduc- 
tivity measurement process is standardized if two different 
analysts assign the same values to the same or gan i zat i on at a 
g ;l. ve n po i ri t in t i me . 
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U f:. e o f s t a r I cJ a r- d i a b d r'- g a ri i z a t i. o ri a ]. m 0 a u r- e ri s t? n t p r c> r." s-.? 
di.rres i.jf fear's many benefits to h^oth research section staff' -and 
prograrnm ing section staff of t'4aval base. First, nurner'icz^l 
values provided by measurement procedures allow reporting of 
rt/sults in fiv'ier detail and more precisely thari would be pos - 
sible with subjective descr'i pt ions. These numer'ical indices 
a 1 so per^rn i t use of st at i st i ca 1 ana 1 ys i s pr"oce?d ur-'cs . 
Secondly, measur'ement results facilitate comm uni cat ion oe-- 
tween the above rnefntioned staffs and other's who influence or 
ar'e affected by the Naval base activities. ITF^ef. i:pp. 31-32J 
l": . Level s f Measur'-emeri t 



The t'ype of rneasur^ement oper^atiori selected «or 
developed is called measur'ernent scale and dep^ends on the at- 
tr' ibute to be rneasur'ed arid the purpose of measur^ernent - Four- 
levels of measiar^ement are typically identified by 
s t at i st i c i ans : Norn i ria 1 , or^'d i na 1 , i n t er^ va 1 arid r i\t i o • 

1. I n riomir'ial scale of measur'ernent , ni.imber^s ar^e i.i-aed 

either"' as labels or^ as a means of separ-at i ng wor^kers, 
machines, or event-s into different classes or cat 0 go- 
r ies. 

cL In ordirial scale of measurement , (i) objects of 

rneasur'ement ar^e ordered fr^oni srnalle-st to largest with 
respect to some at t tribute, (£) ther^e is no indication 
of how much of the attr'ibute the measurement object 
possesses, and (3) referred to rneasur^ernent s wher^e only 
the compar'isons " gr^eat er", " “less," or "equal" between 
measurement s ar^e r^e 1 evarit . 

3. Interval scale of measurement pr^ocedures lead to a rank 
or-der^ing of objects of rneasur'ernent with r^espect to an 
attr'ibute when the distance between objects ar^e known. 
For example, if the measured pr^oduct i vi ty in 1380 is 
selected as the arbitrar^y zer'O'-point or base year', 
pr'C'duct i vi t y in successive yearns is expressed iri 

r" e 1 a t i o ri t nj t h e 1 9 8 0 value. 






{ 



4, .^-ca.;. e? ‘jf nieasLrf'0fiif=?nl“ Lncluder> all c 

ter latics of interval scale of meacLU-eniertt , arid i a - - 
i M h e n i; h 0 r a t i -a a 1 a cj bet '/J e e n 1 r. m e a a * a t • e rn k? n t i a 
iriean i ng f u 1 . 

I r I d e \' e 1 c* p 1 r i g a n d i ri t o? r p r" e t i ri g rn e a. s u. r'- e a ii'i f 
p r' d ij. t i v i t y , t I'l e 1 e / e .1 fj f rn e a a i.a v' 0 m e ri t p r"* la d u c 0 d by a f.) a v ' 
t I c: i.i 1 a r' rn e a e u r e m e ri t o p e r t i <::< ri 1 ss s i g n 1 f 1 c a n t . I f a g 1 v e n 

rneasurefiierit opera t i rvri prod uc:es on 1 y oa'd i na I measur'ef rnent arid 
ra.tio interpretat ions are attempted, they will lead to inac"* 
.Ur ate co.nc 1 us i ons . CRef . 12 : pp, b4-6GJ 

B. THE RQLF: of MEASUREMENT IN PRODUCTIVITY IMPROVEMENT 

pv'od action in a naval base is relative to the pav'~ 
ticipating pr^od uc t i ve factors. Thus, productivity can be 
charact er i zed as the measuring device of each individual 
productive factor. We can see t^l^At Productivity is an 
important topic , because it can be considered as a r« 0 pre“ 
scrit at 1 ve indicator of the overall efficiency of the naval 
base. Thus, if vjorkshops of a Naval base increase the total 
volume of p)-'oduction (work output), that may or may not rep- 
resent productivity improvement, depending on the resouv'ce 
iriputs used in that increased production. When the planners 
O'f a naval base increase the work output of the work.shops 
with the same or fewer of productive factors spent, then 
productivity is impv'oved. Productivity impt'ovement will oc- 
cuT" if any of the following conditions to exist: 

1. Output increases and input decreases 
Fc Output increases, but input remains constant 
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'.Ill '* p 'J. t .1 r‘i c:- r' ff* a '3 »3' 3- iX r'l cJ 1 Y \ [j ij. t 1 T"i C r‘ e 3' 0? 3 . t t 
r" t ^ 



4 - VJ u t p i_i t d e c r’' ee a s=. c? a r\ cJ i r\ p u. t ( j t? c: r“- e a r ? e r , b u t a t a r n l.* i 

rapid rate 

The p r c> d u c t i v e f a c t c.i r s a r e s u a 1 1 y n i e a -3 li r- e c:i i ri t e r in a C' f 

I b o 'r h Cl u r s r «a q u i r * e d t c» p r • 'C d u c g t h g a s ?i- o c i a ted 1.3 r k c-- u p u t . 



f'lowG'ver , 


be f o r-e 


we rt?ach 


t hi e p r' • iij d LI c t 1 V i t y i rn p r 


0 -, einent 


I'i c -3 1 i M 3 . 1- 


.ii-jrii i-JC rn us 


t k.now wher' 


we have been. Before 


wc I'.ruri 


be sure 


that our 3<c' 


tions have 


i ri c r- e 31 s e d y~- ci d i.i c: t i v i t y , 


we have 



■!:.o be able i;o rne.a-3i.rre the curv'ent productivity leve.l- Hence, 
t f 1 r? r“- e a i "• e t rj i'.' f 1 . 1 . r‘i c.1 a rn e ri t a I -a s p e c: t -a «a f p r o d i.i c t i v i t y . 

T hi e f .i. r" e t n e i -a the p r ' o d i.i c t i v i t y rneasurernGr it -a n d the 
c-cc'onc:! i '3 the prod act i v i t y appr o ach and i niprov e rnent , Produc- 
tivity measur'emen b can be v.iewed ae an essenti-al part of the 
prodLict ivity approach and i rnproveinent program for the 
w iji r" l< h o p s C' f 3i N 3 ^ V 3^ 1 b 3\ s e . H lO w e V e r ' , t h i -a t e r rn c a ri b e c iiii vi - 



3.:’i. dered the rne-a-eurement of outputs and inputs. But hor^ 

can we me^i.suf'e out put -s of the wcirkshops? By the amount of 
time spent by the staff in productive effort? Ships served 



during a time period? This problem arises from the fact 
that W 0 ? don’t know what the output units are. If the output 
units ar"e equivalent (e. g. , number of overhauled machines, or 
tons of steel produced), they cari be measured as a simple 
count of units produced. For ex3\mple, 3^ convenient rneasur'e 

of output for a worker may be the number of machines 
r'epaired. If each machine is equivalent to all others, there 
‘i. h Cl u I ci be r I ci p r' ci b 1 e m . 
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p V i::i rf i.i cj i t f 0 ri< 0 ). 0 0 1 <_i ij. t pii u t rri 0 j. li r 0 t •; b t 3. 1. ri « r t. , ,: 

if the output Units ar '0 not equivalent (as i f‘i a sl*i i p r'e-i.j ..t ;i. i 
or overtiaul facility), the>- carvnot easily be counted, arid 
therefore, the rneasurement needs ar'e mc'i'e complicated. Xri 
t f'l a t c: a 5 f.- 0 l:- - - u r;i e a s u. r ' e rn 0 ri t t e c: h ri i q lu e s a r- e u s 0 d t c:* d 0 v 0 1 <::• p 

s t a r: C.J a r (.1 rn e a 'S i.‘ v" e s f w <::• r k o i,i t p u t . 

Gn the ott)er hand, the resources used in the productiori 
f c« i.i t p u t a r • e u 3 i.i a 1 1 y c a 1 1 e d 1 n puts. The f -a i.i r r e s c« u -r c e s iii •.:< s t 
c C' rn rn •:.» r 1 1. y c >::• r : s i d e r "• e d s 1 rn p iZ* r- 1 a n t i r n p u t s-; a r" e : ( 1 ) lL\b c< r , ( u- ) 

capital, ( 3 ) materials, and ( 4 ) energy. Of these, labor is 
by far the most widely used although, as work becomes more 
a. ri d rn r e a 1 x t c> m a t e d , c a p i t a 1 a n d e n e r" g y be c 'Z« rn e m o v' e i m p ci r' t a r\ t . 
Ek.i.t, the que?stion is how we can measure these irnput 
r'esourccs? CRef. 13 :p. P-l] 

For meaningful corn par' i son, iriputs and outputs must be on 
eqi.ii valent scales arid the subcornporient s of each must allow 
ag gregat i on. This is often attempted by using some rnorietar'y 
systems. Sirice a befor'e-and-af t er' cornpar'ison is reqiiir'ed 
to evaluate any i rnpr'ovement pr'ocedur'e, rneasur'ernent is cr'ucial 
to productivity improvement. CRef. 14:pp. 685-&0G!] 

Generally, one appr'oach to the rneasur'ernent of pro'duc- 
tivity is to develop a vector' of rneasur'es which can be used 
to guide and monitor' the effor'ts towar'd impr'oving the 
workshops pr'oduct i vi ty. This is ver'y impor'tant in under- 

standing the r'eason for' the development of a Pr-od uct i v i t y 
Measur'ement System. One possible objective is to pr'ovide a 



ri!-:? 



I 1 h 



b •J'. C.‘ C' r ’■ r /i p •. j. r' I -I i‘: 'J !’ 

['or this objective to be realized agrecfncrit rn-.ist be roachod 
o. fi ] >: j ri g the v a i ' i ''j i.i s v*i a v a 1 b a s o s n !; ^•i e d e t J. r\ i t i. i;:i r'l f p t •: :> • J i.i t: 

•v :i. S' J. t y a n cj t h e f :< r- o c e d i.i r- e f r ' ' i::> [:• . j e c: t i v e 1 y ' ' c:j ij. a ri t i f y i r i g it. 
F-‘> j 1 1 ow I ng t h i s pat h a na va 1 base d i v i s i on will 1 i ke 1 y r e:sort 
I o t \-\ e I.I s e «:« f t h e s t a r i d r- cJ e c •:< n «i< f n i c: d e f i r i i t i 'D ri of p t - •::« <J u c - 

t i / 1 1 y a s t h 0 rati i; j la t u tpi.it t '"i 1 n pi.it. The p a r ■ t i c i.i 1 a r 

measLire developed will depend on the r^espective perspective 
ri t what the outputs and the inputs are for the particular' 
•naval base. Qfteri productivity is qualified or' cajjtur'ed 
with indicator's 1 ike: r'epai r/person~hour, st ar’idar'd dol la'r's 

proriuced/person-hour , prof i t / invested dol laVy etc. 

Pr'iother r'ole is that of a useful decision to the pT'ograrn- 
r.rivig section of the naval base. P pr'od uct i v i t y rneasuroMnerit 
sysbeni can pr'ovide q u i dance to manager's as to wher'c effor't 
should be dir'ected to enhar'ice the overc?ill per for'rnarice of the 
r’laival base. Once in place, the rneasuremerit system cari theri 
aid in the explicit assessment of the impact of these ef- 
for'ts on the per'f or'mance of the wor'kshops of a naval base, 
□ne can hope that the measurement will become a permanent 
par't of the rnanagenient i nf or'mat ion decision system. For*' 

this implement at ion to occur', it appear's that sever'al in- 

gredients must exist: 

1. The system must be per'ceived as r'elevant and useful to 
the member's of the pr'ografnrnirig section team. 

d. The system must coiricide with management intuition 
with some acceptable degr'ee of r'el iabi 1 i ty. 
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syst 0 rn mast be c>:irnrricvr.sary< t e w i t [i the peiL.:^i.ed _J. 

viess of the systeiii a LJeci^xcai aid, 

/X. The asers of the system should [xave some degt'ee of i ri- 
vQi I vernen t with the de ve 1. opnievit of thie system. 

5S9]. 

fT MfFTHGDS OF MEHSURFMFNT 

- E f i c 3 . 0 ri c: y lA e a s a v" e-? r ti e n t 

Efficiency is the degree to which the system utilises 
Uie "right" things. It can be repr'esented by the following 
ccj uat i ori : 

Resources expected to be consumed 
Resources act ual ly consumed 

From this equationj we can see that efficiency is simply the 
compar i son between resources we expected or intended to con- 
su.iiie in s^ccornp 1 i sh i ng specific goals, objectives, and ac- 
tivities and resources actually consumed. Efficiency can 

be, t here f or^e, a measure of an or gan i zat i ona 1 system’s perfor- 
rnarice that focuses on the input size. We can develop indexes 
to compare the efficiency of one period with efficiency of 
another period. CRef. 16: p. 423 

Table III indicates two categories of productivity 
measurement methods- In the first category of efficiency 

measures, efficiency is defined as a ratio of outputs to 
iriputs. Both outputs and inputs are expressed in terms of 
physical units (e. g. , number of items, hours etc.) or in 
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PRODUCIIVITY MEPSIJREMBNT METHODS 



L f f 1 c i fe n c: >' M t? a rs i.i r e rii 0 ri t E f f" 0 c t 1 v e n e 0 s e a s «.i i - 0 rn e n t 



1 . n u t p u t / I rt p u t M C-? a s i.i r ■ 0 r? 

a- Form I Micr’o 

b. F'orm I Macro 

Cr Form I I 

d. Form ILL 

Form IV 

2. Per f ormance Ef f 1 c i ency 

a. Engineered Stan- 
dards 

b. Statistical Stan- 
dards 

c. Historical or Te- 
chnical ftudit 
Standards 

3- Utilization Measures 



1 . Goa 1 s Pch i e /-0d 

2 . Quail ity 

a . Pr ocess Qua 1 i t y 
Rat io 

b. Prevention (dua- 
lity 

c . C i::t n f ct r rn a r 1 c e t >11 
Qual ity standards 

3 . Impact (External) 

a. Impact on Pnother 
Or gan i zat i on’ s 
Per f orrnance 

b. Responsi veness to 
Gust orners/Users 

c. Customer Ptti -- 
t udes 

4 . Impact (Internal) 
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D i.i tpi.it in V-'h y s i c: a 1 Q u a t i •[“ y 



(F**orrn I 



) 



Iriput iri Physical Que^ntity 
G : .i t P i.i t i n P r • i 1. : e r o r • fi I 

I Y\ pi.it i vi p !■ I y s i c? a 1 G li a ri t i t y 
□ s-i t p i.i t i n p h y s i c V?. 1 Q u a. ri t i t y 
I n p i.i t 1 ri P Y' ice F ‘r rn 
G J. 1 1 f ) i.i t i v‘i !^' r i c e I" «:• y ' r 1 1 
I V I p 1,1 1 1 f*i P V- ice F •!» T' f ii 



(Form II ) 



( For^m I I I ) 



(For^rn IV ) 



There are two other efficiency measures which 

ar*e the level (rnicr^o vs u^acro) and the type (partial vs total 
ia.ctor). Thee micr^o level efficiency measur^e is use?d to 

m e a s u e f f i i e n c y at t h e w iri r l< g v o up, w o -r k s h p d i v i s i o n , 

The? macro level efficiency iss used for larger or gan i ::at i ons. 

the measurement type is referred to whether or' not the 

denominator" of the ratio is a sir*igle or a multiple input. Tfie 
micr-o and rnacr'o levels of rneasur^ernent have dif ferment 

pur"poses. Macro level is very useful for" budget ir'ig 

for^niLilat ion. Even though the data for" rnacr"o level rneasi.rr^es 

ar e nor^rnally aggr^egated up fr"om lower" levels, the gross 
measur^es of output used ar"e not meaningful to managers who 
warit to analyze the sour"ces of pr^oduct i vi ty pr^oblerns in their 
oT-gani cat i ons- Many of the output indicator's used in 

pr'oduct i vi t y systems ar'e wor'kload rneasur-es (e. g. , author'ized 



base 



popu 1 at i or-i 



served, 



number of active di.ity pay acco«.mts 



..01 .. . • J ^ 1 1;. . ' , Lir'ii^ rii-H.r'1-zt y ::• ci'.. rio‘: i ■ w pv .Jt ■*' : 

because the output (Jata are combined v^^ith input 
a t* C' r g ri i z a 1 1 c« n a 1 1 e v e .1 s a b c< ' / e t ^'l ca n «; •• v ' 1- s h « p « j r- d i v/ i s i >• j n . 

One of the problems that managers of thie t'icaval t:uase 

hove using effi'ciency r'atios, is that they fiave little C':jvv- 

t) ol o\er the inputs to the process- Gir.ce the riurnber of ir\- 
pui; hours available is fi:-(e?d, thie ccimriiandef' of a wo^-'kshiup can 
<:■.! locate tliese? hours to tasks in different ways, so that thic 

!•; I; .1 1 a b •.:« r i n p u t «/i ill be a 1 s «ii fixed. Pi s a r e s i.i 1 1 <:• f that 

and when the^re are slack periods, tlie l^Abor efficiency will 
be poor. In 'Cases wher'e the thie wor'k load is heavy the labor' 
efficiency irtcreases- We can conclude that the efficiency 
f'at.io rneasuc'es fluctuations i'n wiarkload which are outside tlie 
orgarii zat ion’ s control. CRef. 1 : pp. 37-3911 

a. Physical Quantity Input and Qi.it put - M i cv' 0 1 «-zve 1 

Thie physical quantity measures offer many advan- 
tages for efficiency measurement because they av'e not af- 
fected by inflation, can be compared with data from previous 
periods, are easy to compute and have high acceptability- 
D i sad vant ages in a Naval base are that the index may fluc- 
tuate as a result of factors that are not controllable by 
the Or gani zat ion. ftn example of this kind of measure is the 

fol lowing : 



Labor part ial 



Number of line items issued by a worksh'i'p 



Total hours worked 
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little control over the rjarsioer -j-:' pnreornei ^eoigr-'oci, 
t ! i e case of the N a v a 1 b a s e , 1 a b 'i» r p a r' t i a ]. s , a r- e rn 3 . s I eo ad iv\ g . 

b. Physical Quant i i: y I ripiAt and Oat put Macrolevcl 
Thie.se kirjds of nieasur es are reported in iride-K 

t e r :i I . T • ^ t:) 1 e p r ' 'a v i d e 5s h i:> e '.i c ^■| a r'l 1 n d e x is cal c u .1 abed 

• hy pot hipt i c:a 1 data- The macro measures give much ivi- 

fhvrv-iiat i on to policy makers which is useful for budgeting ayid 
; ' ann i ng purpose?s- ft Iso, they provide indication which labor 

I " e? s <a ij. ) ’ a 0 s a r' e e f f i c i e n t 1 y 1 n r e 1 a t 1 o ri t t h s e «::• f the p r ' e - 
V i ous per i od . 

c. P'rice Outputs ^ind Physical Quantity Inputs 
These measur'es present outputs in terms of dollar 

values and air-e very useful in the privc^te sector where the 
most frequently used output is the sales in dollar's. ITros 

k i^’id of measurf? is under st andab 1 e to managers and is easy 
to compute since most organi zat ions maintain di-\ta- In the 
mi litary eenv ironrnent , except for industrial ly funded 
activities, there are few situations in which sales or value 
added are appropriate output measures. However, wheri ag- 

gt'egated output measures ar'e used they are r'elativily insen- 
sitive to changes in organi zat ional efficiency ^jhich may be 
less than the f luct uat ions in the dollar values because of 
factors unrelated to organi zat ional efficiency- Beccr.ise of 
the need to correct for' inflation and other factors, this 
measurement form t'equires considerable computat ion. 
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d i f f i CLi 1 1 V coupled with its low validity, reduces its accept- 
abi 1 ity to managers. 

d. Physical Quantity Outputs and Price Inputs 

This index can be used on Navy ships to measuv^e 
the number of planned maintenance actions per dollar spent. 
By the term planned maintenance actions we mean all the ap- 
proved by the ship’s commanding officer expenditures for day- 
to-day purchase of repair parts, tools, etc. In that amoi.mt 
of dollars are excluded all expenses for shipyard repairs, 
purchase of fuel, personnel costs, utilities, etc. In the 
military environment this index is very useful. 
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Thi :i rati'::i rravi be 'aharac^; er *- l flav^iad oi 

p r '. :• V 1 c.i i ri g i.i 'a s f i.i 1 i n f o r r:i a t .f i::i r « t o rii a ri a g 0 r“- a- a b o •. 1 1 t h c= t r 1 j e e t • - 
f 1 c i 0r*iCy of fhe organ i 1 ori , T^va pr^ico raf i are less use-- 
r u 1 t h<A{ I pli . s 1 c: a 1 q uar'it ;i. t y rat 1 os„ Even t t’lese r* at i os cor - 

r" e ' :: t . e d f '.j r • b h e e f f e c t s f i rj flat i c» n a r*i 'd e x p r e s s e d 1 n i n d ••■•3 x 

e 1 n ! • u. L h e pj r ;i. ( :• e v a 1 i.i e i. s v\ o t a g c< <::i d b a s i s f ii* r' ^ g g ^ ^ g t i r i g 

:< I A I; p 1..1 1 s a r i d f C' r '• ri i i r*. g e r f i c i e t i c / rat 1 ci s u n I ess p r ices a r e 

pi op'Or' t i ona 1 to units of wori< (labor, energy, etc. ) used to 
fjroduce thepu LRef. Ispp, 40 — 44 ] 

■ E f f e c: t i v e ri e s s f 0 c?. s i. i r e rii e n t 

Ef f ect i veness is the degree of how well the outputs 
achieve the des:>ir*ed goals 00 how much results are obtained 
because of the outputs. This measurement approach assumes 
that quantifiable goals have been established and per-f orrnance 
IS assessed r'elative to those goals and standards. In the 
Wavy cand epecially in the Workshops of a Naval base this ap- 
proach is commonly used. Very close to the effectiveness is 
thie planning process during which it is decided what goals 
will be accomplished, when these goals will be accomplished 
a^rid finally what kinds of quality standards to adapt. 
However, in one way or another we determine goals, 
objectives, activities and work toward them. To rneasur^e 

effectiveness, we simply compare what vge said or' intende^d to 
accomplish against what we actually accomplished. Theref '.'re, 
effectiveness is an output or accomp 1 i shrnent issi.ie. To 
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d':j c* •»■ rffrTcl- i o-:. ,-e d 3.': 1*^.3 In. 

c: I • :i t 0r i a l Cl u a 1 1 1 y , 0. ua r i t 1 1‘ y a i id '' i isi»a 1 j. r’»E^ a- a . L’ Ra- f' - 1 R- : j: . 'iC' 1 
a. Duality 

D I J a 1 it y i -::v 1 1 1 c* d e g r • a t v^; • i i c h a p r o d i.i c t o r s ee j ■• / ■ ■•• 
:. c a c Vi !" o r~ \ 1 1 a t o a s 0 1 o f p )• ' e- d la 1 0 r ' rn i 'Vi e d r‘ e? p u i r ' 0 rn 0 r ‘i t a a vi d 
•.p 0 C j. f 1 c: at lEvris v’-elated to tho charact r?Y" 1 5:^t ics tha.t dettermi ri 0 
value in the rivanket p .1 ace fo'r which it wae dE?e>igned, The 
1 ernent of quality that d i st i ng u i ehes it from effect ive- 
r 1 0 s y: i 3 t h 0 c c« r\ c e? p t f *:] u a 1 i t y a 1 1 r i b i.i 1 0 s , H q 1.1 a 1 i t y a t - 

tribute IS a. s^.pecific quality charact er 1 et 1 c for which a 
p'r-oduct is designed, built, and tested. There are more-? ques- 
tions related to keyquality arid rc-jferred to a Naval bc?.se such 
as: ftre the planners satisfied with the repair of a machine 

ov the? overhaul process of a ship? Will the repaired machine 
do what it is intended to do"!’ 

T h e r-' e a r" e t p r" i rn a y e 1 e m e ri t s i n t he e q u. a t i cj ri cj f 
Duality. Equating qi.iality with sat i sf act i on, the quality of 
the workshop’s outputs as perceived by the staff of the ships 
is nothing nior'e or less than providing them with acc: urac y and 
t i me 1 i ness . In other words, the quality can be expressed as: 

Quality = accuracy + timeliness 
Both Eiccuracy and timeliness, in comb i nat i on, are requir'CEd if 
you are to produce quality outputs in the sense that yoi.i ar'e 
gerierating customer sat i sf act i on. The Quality of the outputs 
produced by the workshops of a Naval base is dependent upon 
five basic factors, as arcE illustrated iri Figure A. 1. 



47 



at u- desir^n, €?q u i pnu-'n b , ma t c'r i a .1 ^: 
a) id per f ' jr*f(iar i e . 




F ]. [] I. ^ r ( ? . 1 Fact o r s •::« f C? i.t a I i t y o f D i.^ t f 3 ' j t s 

^ ^ ^ Fej 3 i qn . T h c? q u a .1 i t y f o n t p t s i. n a v*j •:» • > h • ..;« | j 

of a Naval baisc (ie?paired machinery, cl€?aniny of tf*ie fuel 
tarik^a of ship, overaull of a ste^am boilcor', etc.) (jepciids 
not orily of the outputs but also upon the desigri of Idie 
equipment requii-'ed to pt'oduce those outputs, VJheri planners 
improve the quality through the design it does not ricaui'S- 
sarily mean higlier cost. For' example, the design can he 
simplified so that the outfiuts c:an be accomfi 1 i shed uiiiriij 



t i I I ] 1 , , 

i 






fewer' oper'at ioris. 



1 V 1 quality of doaign is viiace-..>3a.‘/ to rii.jlr'i'. . 

f ho t r ust wort hyneBS o f t he eq u i pmerit arid t he f l gh t i ng ah i 1 x i: 
of the ships. 

( c' ) Equ X pfiie nt « n c* t hi e r i f ii p iz< r - 1 a n t i rn p a . c t «i> r i 

quality has the ability v-/ith which the provided eq i.i i pnient , 
c •: ;t !-j« 1 s ^ a ri d rn a c: h i r'l e r- y o f t h i e c* r- k s h c« p s c: a ri a c c u r t e? 1 y a ri ( j 
reliably pr-oduce the desired oi.itpi.its. The se?lection of the 
o «q !. i :i. f :> rn e r 1 1 c?. ri d t ci i:;i ]. s c : a p a b ]. e o f b >i« t h h 1 d i ri g d e s i g ri t 'D 1 e t*- a n c; t ? s 
a n r] p r o v i d i r i g the r e c:; u x r e d • :> i.i t p i,i t s i r*i s ix f f i c i e n t q i.i a n t 1 1 y t • 
f a V rj r • a b 1 >• i rn p a c t c c« s t s c r*- i t i c a 1 t ix* t hi e w ci r' k s h c« p ’ s s i.i c c e s s . 
IP the prccessing equipment selected can accur'ately and 
rf'liably meet est ab 1 i sfied design tolerances, then reasonable 
costs and acceptable qixality can be expected. If not, we 
sh a 1 1 h a ve high cost s » 

Mater ials . Workshops use many types of 
rnater'ial to produce tho?ir outputs, Pll of these materials 
must meet specifications £^nd requirements. The best desxgri 
coupled with superior equipment, a highly skilled work force, 
arid a schedule pr'oviding adequate process time sometimes is 
incapable of overcoming the negative impact upon the quality 
of pi'oducts caused by faulty or substandard materials. Many 
times substandard matet'ials which are placed on repaired 
machines Can result in the loss of the machine or the 
Ciperator’ s injury. 
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t h e t i rn e? 1 i ri ess 1 1 h t-j h i c hi j u t pj u b s a r e cj e 1 i v e r ' e ci a r*i d :: >. :• 1 1 1 d 

h a V e a tvG rn e ri d •:« u s i m p a c t ■:« ri t hi e v e r 11 v e s u 1 1 a n t q i.i a 1 x t y . 
L e s s c* b V i ci u s 1 y , p o o r s c h e ci u 1 i ri q c a n a d / e v ' e 1 y a f f e c t 1: h e c 'a i"i - 
f »: j I ' m a n c: e c*' f a t p n t s t C' s t a ri ci a r d . F\ e c ci q r i i :i. ri g p r o ni i s e cJ 

d It? 1 i / ij? r y d a t e s o f t" e p a i x* e d e q u i p rn e r*i a i ‘i d t hi a t ins u f f i c i e vi t 
time is provided for pv^oper pr*ocessirig, operating workshiop 
rn •inagernent may, depending on thie pressui-'es applied to rneeting 
thi-at date, take shiortcats which result in substandard quality 
being shiipped to the stuff of thie ships. 

^5^ P er for mar ice . Fins^lly, human per f orrnance has 

an unpor'bant impact of the produced outputs. Equating per- 
formance we sbiall see that it is dependent upon two factor's: 
ill and rnot i vat ion . 

Performance ~ Skill + Motivation 
ftlso, skill IS a function of thie learning and exper' i ence. 

Skill "• Learning + Experience 

□ n the other' hand, motivation depends upon the attitude, 
eriv 1 r'orirnent , and the payoff. 

Motivation = Pttitude + Environment + Consequences 
fill the above mentioned have a significant influnce on the 
quality of produced outputs. CRef. 17:pp. 114-118] 

b. Quantity 

The activities of the wor'kshops, if designed 
corr'ectly, cr'eate outputs that in tur'n can also be measur'ed 
in ter'ms of quantity, such as, the r'epair' of a number' of 
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rn a c h I i’i e , t hi e ■:> \ e r hi a u. 1 p r- < . e i-. a <:;t I a^. s f t i. p , t? t u « T f “t ai »: i.i 1 1 
of O'.itpi.its 13 a r'efrreaei-it ah i v 0 indicahor' of hovi tho i.-ipuL 
resources may be or rna\y not be productive (human la^bcvr, 
mechanical and electronic: equipment, etc:. ). 

c- T i me 1 i neee 

If we IV a r 1 1 «a u r' rt ! e ai a; i.i r e rn e r\ t e t s e r- v e a s=- a; r i e f f ac- 
b i V e t 'i* 1 , a s 1 1"! e y a r e i n tended, t fi e y m u e t be c o m rii u r i i c a t e d fc c« 
ifie plarinere of the workshops of a Naval base, on a basis as 
Ticar- to real time as preach ical. Knowledge at e'/ery moment >:»f 
how each workshop work. ing has an effect upon how they will 
proceed. Whereas real time, pr'oduct i vi ty measLirernent s may 
i'lrd: be pract i ca 1 , the syst ern wou Id be des i gned t o recogn i se 

and communicate, to those filanners, significant ex»::eptions or 
deviations from plan at least a daily basis-time not to 
CKceeci a period of eight working hours- 
3. The Study of Time 

The-? planners of the Nas^al base after havirig observed 
of how each workshop working, they are ready to set the re- 
lated standard(s) or quantify their expect at ions. The stand- 
ards serve as a goal against which actual per f orrnance can be 
measured and evaluated. Standards can be developed via 

statistical means based upon past performance. Qne of the 
oldest totals used by industrial engineers in work measurement 
is the stopwatch time study , a simple way to see how long the 
tasfis take to complete by using a regular watch- With time 
study we can rneasur'e the pr'esent level of performance. 
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[n adHH' 


.on to ^;h 


is time •s>tudy con be ' 


I >eri 




v-ched u 1 e 


prod uct 1 on 


J 'I' b S , a Ti d f O r‘ 0 1 1 1 0 r*‘ 


plar- 


i i'l 1 Ti [.] a n d r'» t 


p Uf’- poses . 


Be f o re 


the time? study pi 


■•iasc-.' 


we must cr*eat 



startdard time which cari be:* uscfd for measuring i r*icr casor^ ir« 
product i VI t y, Sbai-idard time ha?s been defined by tlie irt- 

durbtriax ertcj i neer e, ae the time r-'equi red by an aiverage 
VI i: j r *• k 0 r" , vj h is the t y po i c a I ci r*' r ' e p r e s e n t at i v e 'w o r k e r a m o r i g c.\ .1. i 
i. h e t h e r vj cj r e r s , w iij r k i ri g a t a v\ o r* m a 1 p c e , t ci c o rn p 1 e t e a 
r.'-Dt:':: i f i ed task usirirj a pii'escr' i bed method. The aver'age worker' 
will not be the beet .::tr worst worker but nuist be ex per i ericv?d 
in performing the job v;hich is under i nvest i gat i on . Next 
point of difficulty in standard time is the actual work done 
and bhe method by which is completed. Pll tasks must have a 
starting and an ending point- Finally we have to keep in our 
minds that determining and implement ing the best method is a 
key part of the productivity improvement process. 

P "nov'fiial pace" is anything wg want it to be. It is 
ai bitr^Ary and very few organi zat ions use the same normal 
pace. There is no or\e normal pace that is universal to all 
oi’-gan i zat i ons. The normal pace is a reflection of what 

should be performed, not what is being performed. Other 

people work faster than normal and othier work slower. Thus, 
rating is the process of comparing the actual work being per'- 
formed with the concept of analyst of normal pace and 
eval uat ing the observed per^formance quant it at i vely. 



!h'j^ ■ r V*. 1 / .-y •? niijS't ut3 /Abl'jj 'b 'J C 'il'Ml p r O t h 0 j C' bs 0 ^*•'■/|^d 0. C:''. u. i. •. 

I'j 1 1 f 'I the^ p r" e cl e t e t" n 1 1 ri e d t a r i d a r" cl •::! f n l.< r m ,a i p a c 0 . 

r^nother concept related to the study <:<f time is the 

allowance or PFD (personal, fatiyue, and dela^y) a.llowance. Hs 
the work day pi'ogresses, v-jorkers do becooie tii-'ed and av'e less 
able to perform as they did early in the shift. In that 
case, the standard time must be adj Lusted to r'6?flect these 
persorival, fatigue, and delay factors. Under these conditions 
the production line breaks down due to the worker’ rejst, 

such as the visit of worker to the water fountain, etc. 

The PFD allowance is usually expressed as a percentage of the 
standar d time and added to the time allowed to complete the 
pav't icu. lav' task being studied. 

The standard time is given by the following v'elation- 
shiip which is the product of the actual observed time, the 

rating, and the PFD allowance. 

Standar'd Time - (Observed Time) (Rating Factor )( 1 h*PFD Pllow. ) 
The first timing device for making a time study is the 
stopwatch. But today, ther^e are a wide variety of 

tools, (Figure 4.E:) ranging from electronic stopwatches to 
computerized timing devices that transmit the observed or 
dir'ectly measured times automat ical ly to a processing unit 
for ana lysis- 





It 


is obvious 


that a great number 


of 


organi zat ions 


don’ t 


use 


st andards. 


The I'eason for that 


i s 


because one of 



the more common problems is the worker’ s fear. Every worker 



rrii.i/..t be con - i ncood that the rea. ■ r the ^.'ir-.e ::t d h 

conducted to set the standard t.i.me and not !;o jud'-e ' ...- 

a b i 1 i t >'■ c« r' the w c :< r k e n- « T h t? f i r ' s t 1 : 5 1 e p i r 1 t hs e p r o c e c j i.i r e • ’ 

•setting st vandar'd s 1-s the selection of* the job to he? studied. 

■ r h j. a- SB e 1. i^ot i o vi w 1 11 g 1 v e t hi e? d i r* e c: t i r 1 f h ct w t hi e 6 a t a i I 1 
b>a CO 1 1 ect ed a Dur'ing the tin:© -study the analyst should learri 
a-:3 v:in.o\-] as possible about the job before perforrnirig the time 
study. He r:iu-st also include i nf orrnat i on by talking v*^ith 

othier engineer -s, t ecfirn'i 1 og 1 st s, and analysts who are familiar* 
viithi this Jr.ib. An important part is that every Job mi.ist be 

•_;> b s e r v e ci u r 1 d e r r i is r - m a 1 'S p e r a t 1 ri g c o n d i t i 'S ri s , J o b s c a ri b e 

divided intc' elemer'its for simpler analysis. 

There are two methods to record the time study data. 
The fir'-st one is the cont i nuous method in which the data col- 
lect iori involves starting the stopwatch when the study 
begins, and allowing it to run unbil the study is ccimplete, 
arid the second one is the sriapback method in which the 
analyst resets the watch at the end of e?ach element. All 
data about the job are collected on observation sheets which 
are then analyzed to derive the standard time. This standar'd 
time can be used as a base to measure increases in 
productivity, as a tool to develop standards for other' Jobs 
that are similar to the one being studied and as a tool for 
product ion planning. CRef. 10:pp. 134-151 D 
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Figure 4 . 2 Timing Devices 
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The p 1 anner^i:- .jf a Na bar=.e-:> -v.' c: h e The r »'0 *: ^..p 

prop'r'iate method to set the pev f Of monce standard (s) , There 

are lot of Jobs where time study is ncit the productive way 

t 'll s e t s t a 1 1 id a r ■ cJ s . T ■ j x s i . i e 1 1 ’ ) o d j. s rn ij r' e u s e f u 1 i n set t i n g t line 

St andar-ds fcir- .jobs ivitiere the number of repetitions is very 

1 i i- g c.: . F 111 V I; n a i: r* e a s o: n v 4 i;:i r ' k s a m p 1 i r i g i s a n ci t h e r v^j a y o f s e t - 

t J r;g time standards. 

Woirl< samplirig, or cacti vity analysis, is the process of 
riiai<ir»g sufficient randiDm observat ions of an operator'^ s 
ctivities iri order tci determine the relative arnoiunt of time 
the oper ati.jr spends on the various activities associated 
with the jobs. CRef. 10:pp. £70- £71] 

The riKaLn goal of wor'k sampling is to determine how long, or 

hoiw many of the work hours ar-e spent on specific typ^es of 

wiork. Word< sampling may identify that many operators spend a 

large portion of their- work time on other activities that are 

n o i: 1 n c 1 u d e d i n t hi e i r' d u t i e s . 

If we are looking more closely to the definition of 
work sampling we shall see that it needs some explanat ions. 



One of the most important things in statistical theory is the 
terrii of sufficiency, or the concept that the lai'ger the 
sample size, the more accurate, the results will be. Much of 
our knowledge concerning the world we live in is the re-sult 
of samples. Quite often the conclusion we draw from the 
samples are not accurate- However, in most cases, the corv- 
cl us ions are more accurate than if no samples had been 
obser'ved. Our process of forming conclusions may be placed 
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I I: h - n L"h0 f r arn0'-Mir' I-- of an i nv 0 i y at- i ' jf'i . To i n v i j- *'f ;? 
qi-ia. 1 ity of a workshop we have to observe eacti worker to c-b 
t a i n inf III r rn a t i o n a h? ':j u t t h e p i;:i p u .1 a t i i;:i n o P a 11 V'l o r \< ci v • s - 
U^,-^ua 1 1 y , this is i rnposs i b 1 e or i nipraet i ca 1 ^ so on 1 y a. sarnp 1 
from that population is observed, CF^ef, lEipp, Gi:i 

The sample must be repr-esent at i ve of tire population 
and may consist of those elements that are easily accessible 
to the? obset's^er. In additioY“i to making sure the sarnple xs 
repv'esen tat i /e, it is Just as important that the saiiiple be 
t a k e n t r a n d ci rn t i rn e s t h r o u g h o i.i t t h e? w ij r- k d a y u T i 'i e i • a n d o m 
ness o f a samp 1 e g i ve ij. s bet t er r'esu Its, F>/ t he t errn f'aridom 
i/j e rn e a ri t h ca t each f the p o $ s i b 1 e s a rn p 1 e 'S v*j a s e q u a 1 3. y ]. i k e I y 
!; oi b e »■ j b s e r '/ e d . G f t e ri a n i n v e r> t i g a t ci r a I r e a ( j y 1 < n i*j v; s t \ ) a t 
there will be an ef*f fec:t ; I'jhat he wants to do is to estimate 
its magnitude and calculate an inter'val within v-jhicti the true 
value? almost certainly liesi. Such aY'i interval is caviled con- 
fiderice intet'val. Common confidence levels ai"e .10, ,05, and 

,01 which rnearis, based on our analysis of the worker’ s 
activities, we believe that our results will be accur'ate SO, 
S5, OY- 33 times out of 100, CRef. 18: p. 1073 

If an operator spends less time performing a par'- 

5 . 

ticular task, the analyst must take more observations to en- 
sur'e that the task is measured properly relative to its use 
of the operator’s time. Table V indicates the required num- 
ber' oif obser'vat ions which must be taken for 95 per'cent con- 
fidence based ori accuracy, confidence, and the expected time 
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e- :j 1; i r;i at a o i' the p v h- >* 7? ri 1* a cj •■} 1‘ t i rii ■:> o a ri t e r' f *:■ r" rri i i*i q a \. ) a . v •• 
t :l. CM I act.i. vity and the 1"/., 10% are the levels of ac- 

uMracy that are used 'when es t i inat i ng the persentage of time 
sp't i'.t <_'n part icular act i vit ies. 

During the work sampling study the analyst must have 
some guidelines as for exsimple to establish the objective of 
the} study, to identify the people performing tha task, to es- 
tablish the time period during which the study will be 
cond uct e«:i , and, finally to define the activities that av'e 

performed by the people under study. When the analyst all 
the necessary elements for his study he has to summarize them 
by calculating the percentage of time sictually spent on every 
par't i cu 1 ar' task. If a standard is to be set, this percentage 
is compared with the output for the time of study and the 
irirne per unit of output is calculated. 

5 .. Systems of Standard Data 

There are many jobs wher^e we cannot set standards by 
the time study procedure, and the reason is because there 
are not available enough time study time analysts- In that 
case it is desirable to have a standard available system for 
each job. In the workshops of a Naval base ther'e are a ni.im- 
ber of different outputs, many of these produced in similar* 
ways. 
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9MMPLE SIZES 



35 PERCENT CONriDENCE 



f=’ 


!•/. 


5-/. 


loy. 




3, SO 3, ISO 


152, 127 


o 8 , O w 2 




.1 , 862 , 380 


75, 295 


18, 824 




1 , 242, 120 


49, 684 


12, 421 




921 , 984 


36, 879 


9, 220 


5 


729, 904 


29, 196 


7, 299 


6 


601, 351 


24, 074 


6, 019 


7 


510, 384 


20, 415 


5, 104 


a 


441 , 784 


17, 671 


4, 413 


9 


380, 428 


15, 537 


3, 884 


.10 


345, 744 


13, 830 


3, 457 


1 u 


217, 691 


8, 708 


2, 177 


EO 


153, 664 


6, 147 


1, 537 




115, 248 


4 , 610 


1, 152 


30 


89, 637 


3, 585 


896 


35 


71, 344 


2, 854 


713 


40 


57, 624 


2, 305 


576 


45 


46, 953 


1, 878 


470 


50 


38 ,416 


1, 537 


384 


55 


31 , 431 


1 , 257 


414 


BO 


25, 611 


1, 024 


256 


B5 


20, 685 


827 


207 


70 


16, 464 


659 


165 


75 


1 2 , 805 


512 


128 


80 


9, 604 


384 


96 


85 


6, 779 


271 


68 


90 


4 , 268 


171 


43 


95 


2 , 2 2 


81 


20 


99 


388 


16 


4 



■(he 


man u fact ur 


ing or repairing 


processes have characteris 


t i cs 


that 


occur no 


matter what the 


shape 


of the 


product 


is. 


Machine tools 


can make metal 


works at 


cert a i n 


rates in 


cer- 


tain 


mat erials 


regardless of the end use of pr 


oduct . 


The 


t i me 


requi red 


depends upon 


certain 


ident i f iable var tables 



such as length and depth of cut, machine speed, and so on. 
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Th<:? H 1 /3'^: ^ develop the eet or time otandaodr> vhic.r* pr vu i^- 
'•. he data base necessary for- a s t aridar-. j data system. 

The methodology used to de/elop standard data sys- 
b e rn s c -a n b e s li rn rn a r i :: e d a s f o 1 1 ii< w s - 

I . This f i. r r b t h i ng i s b o deve 1 op a dat a base . Once the 

d t ca r • e c c:» 1 1. e c;- b e d t h e n rn i.i s b s i.i m rn a i e d . E 1 e rn e ri t s t h a t 

describe sirni lar operat ions must be ide?nt if ied. These 

r- 1 emerit s will be used t o det errn i ne any re 1 a 1 1 onsh i p. 
The? elements must be divided in variables which depend 
upon certa i n c h ar- ja c: t er i st ics. Os ch ar act er i st ic?s 

charige, the time for completing oper'ation will change. 

i; . . Nent step is ca Iculeiting the average base time which is 
the sum of bhe aver^age time allowed for constant 
e ] ement s- 

3. Often developing the stand^ird data system we must plot 
thie d.ita and see how well the standard data 
rr lait i onsbi 1 p fits to the existing data. 

To be rnor'e underst andabl e the above mentioried procedures of 

hiot'J the Data System is constructed I am giving the following 

e?xample for the boi ler-rnaker" section which repair the boilers 

of the destroyers by forming the tubes in the appropriate 

shape ’which vary in the inside and the outside diameter. The 

given hours for forming 500 tubes are not taken from real 

conditions but author wants to explain how the proceduv'e 

works. Table VI shows the charact er ist ics for the various 

types of tubes formed by the boiler — maker section as well the 

direct observation stopwatch time study values for the time 

required to for^ni 500 tubes for each type of them. For the P, 

E{, C, D types the thickness of metal is 1/16" and for the E, 

F, G types the thickness of metal is 1/8". 
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I lME STUDY DPTh FOR BG ILEFv -M hKER SECTinr^lMi: DPTh BPSE 



Tyfje 


Ins. Diameter 


Out . D i a met er 


Hours/ 500 


P 


0. 500 


U. 5635 


1 . '3 lv! 


B 


0. GdS 


0. 6875 


1.13 


C 


0, 750 


0. 8165 


1. 53 


D 


0. 075 


0. 9375 


1 , 98 


t:. 

L... 


1 . 000 


1. 165 


3. 16 


y: 


1 , 500 


1 . 665 


P, 34 


G 


E:. 000 


6. 165 


3. 58 



Since two variables are involved it is irnpract ical , 
to plot the time as a function of each variable separately. 
F“iyur"e 4.3 shows time plotted versus the inside diameter and 
Figure 4.4 shoves time plotted versus the outside diameter of 
all types of tubes. Rn eKarnination of these two gr^^phs 
reveals that the boiler — maker section needs more time to foiv'm 
the tubes as the inside and outside diameter incr'eases. It 
is app'r'opr i at e to say that time is a function of the inside 
artd the outside diameter. Sometimes products have many ele- 
ments in common, as for example in the case of tubes, the 
thick.ness or the inside diameter. In that case standards 
set must be more productive than the standard data. 
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Figur'e ^.3 Time vs Inside Diamete-ir' 




Figure 4.4 Time vs Outside 
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D i amet er 



p{ Ti O t h W a y t O (rf t. t 1 F:.! S t C< f I d cR V' cJ "■ l >' j. t- h i C' U t l.l S 3. f’i y u. t *_■ p 

i,ird:ch time :sti.idy is l‘l"ie use of the predet erni i ned time starid-- 
avds :^'hich are designed for- a wide variety of app 1 i c^it i one, 
“!‘i’[e3ae system-.:: are al-so de-si gn€?d I'j.Lthi the epei::ific objectives 
of asce^rt ai n i ng l^ibor costs and w^iys to reduce them. This is 
done by fii'iding the best way to do the wor!<, arid det er'm i n i ng 
the riormal time required to perfor'-rn the task. The procedure 
to -set time? -standards by u-sing the Predet erm i ned time systems 
is £ibout the same. One of the nrajor a^dvantages is that thie 
work-shop-s may not have deve .loped their' own data base-s. 
Generally, predet erm i ned time systems, such as Methods. Time 
Me.asi.iV'ement (MTM) , B'asic Motion Ttmestiady (BMT), Work Factov' 
(WF), or- the hypothetical Plways Fair Times (PFTWPYS) are 
pre-se?nted as -systems that can be used to set time standards 
fcir wor ke?rs i'M<rking a.t a normal pace. CRef. 10: pp. F*£6-c:30J 
7, Ph vs i o 1 oq i ca 1 Measur'e s 

Pll these measurement procedures which are examined 
so far, have evaluated the productivity of worker-s based on 
the time required to complete a specific job. Pnother way to 
measure the work of the individual work.er, is to measure the 
physical energy expended performing a specific task. In that 
c-ase we earn measure total oxygen consumption, and variations 
in body ternparature and heart rate. 

Newest methods have shown that these rneasiirement s are 
str“-ongly related with performed work. 

G3 



The objective of these 



• : t 5. f'-iat ph y^: i > - 1 09 \ C;':\ 1 c: har ?;^c:t er x : t . 

•,‘J i*' fv? r I ■♦: I") ?:? v*j i'.it r k v" i s ci c> i n fj a. t a r: U . C 0 t -3. .1 n p a v ' .? rn 0 1 e r*- s r i; }■ va ^ a 
Lliar-act eer 1 st i cs change as the pereon performs a tcAsk. To 

ruaintairi wor'ker ef f i c i ency , it becomes nec:essary to nia 1 nt a i n 
physiolog ical indices as close to expected normal levels as- 
possible by allowing for sufficient r'est and recove'ry time. 
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PPES ENIPT TQM OF THE MODEL 



Or. OOMMENTE on the PMERIGOr-J P-'RODUCTIVITY CENTER (APC) MODEL 

0 'i- * 1 e n t i o vi s? d i n Chap t a -r IV there a t ' e a v*/ i d e v a *r i e t y f 

I t ; j p r ■ •::> c h e o-- t c» i n e a u r • e? the p r d u c: t i v 1 1 y i::« f a ri •::> r- g a n i a t i r \ . 

These productivity fneasurernent and calculation methods on the 
C'-ryan .1 zat iorO s level are either extrapolated methods which 
are used to determine productivity indexes or' rult3s -of -thumb 
developed within the organi zat ion. The most t rad i t i oria 1 

productivity fneasurernent models ar^e a “partial niearsur'e “ only, 
or in other words, they refer to the fact that labor is the 
• :t n 1 y r e fere n c e t w h i c h c« u t p u t i s i ri d e '< e d . F r that r' e a s 'j n 

the flrner'ican Prod uct i v i t y Center (PPC) has undertaken the 

task of developing a total productivity measurement mc'del 
which includes all the inputs which take place dur-ing 
production, such as capital, ener^gy, and rnater^ials, as 'well 
as labor. In the workshops of a Naval base by considering 
all inputs we can compare the relat ionsh i ps of 

i ) icreas i ng/decreas i ng the d i f f erent i nput s and product i vi t y , 
for exaniple, the replacing of the input labor with an invest- 
ment in new machinery or electronic equipment. 

The APC productivity measurement model is a powjerful tool 
in the hands of the managers and can be adapted to ar*iy 
or'gani zat ion. The model provides indices which relate per- 
formances between two operating periods. The indexes which 
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.M- pl.:Are n p-' oH nr t i i t y aria 1 /^e. i 3 refer to '-fio* a*- 

tweeri o'j.f put s and inpute in the curr'ent per.iod, and to 
t. n an 1 n 1 1 1 a 1 or base per i od . Plrner i can Prod act i v 1 1 y Cent er 
rweasurernent model uses thi-'ee indices which are: 

1 . T hi e P r- c« ci u c t i v i t y I ri d e k 

C. The Pr' icing Recovery Index 
3u Thie Cost Effectiveness Index 
RII the results of the model must be placed under analysis 
of variance when cons id erring the money contribution of the 
•f'esourses used. CRef, 19 :p, 41] 

B. THE PRODUCTIVITY INDEX 

In the Prnerican productivity Model, the productivity in- 
dex relates performance between two per^iods, or relates out- 
put to input ratios in a current period to output to input 
ratios in an initial or' base per'iod. The pr'od uct 1 v i t y index 
uses a base period weighting, or Laspeyres, and the referrecj 
quantity r^atiO'S used ar"e price-weighted r'atiios rather than 
physical ratios. This relationship is shown in equation 1. 

Current Output Quant it ies 
Base Output Quantities 

Productivity Index = — (1) 

Current Input Quarit it ies 
Base Input Quantities 

Mat heernat ical ly, equation (1) can be represented as equation 
( E ) , 

Qe^Pi ^ 

Qi“Pi^ QI^' 

Productivity Index = P = = ■ (0) 

Qa ^ Pi » QI* 

Qi * Pi * 
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Qe 

Qi * 



Citp-.-: qi; aridity l ri base per i-r-d 
D u t p u t q 1. 1 a ri t i. t y i n c ».i r" r e n t p 0 r" i C‘ d 
Iriput qaav’itity in base period 
Input quantity in current period 



Pi ^ - Qi.itput pv'ice in base period 

Pi * == Input price in base period 

QI^ -- Laspeyres >autput quantity index 

QI* = Laspeyres input quantity index 

p “ Productivity index (Period z to perviod 



L p. 



1 . 95 : 



L i « 



C. THE PRICING RECOVERY INDEX 

Ps the fjroiduct 1 VI ty index the pricing recover y index 
r’cflects char'iges in pricing r^ecovery over two periods. The 

pf'icing recovery index uses a currerit period weighting, or 
P'a^lsche, and shows to what extent the or g^ln 1 zat i on hcas been 
atrle to absorb the increases in prices of inputs and thev'e- 
fi::«r-e been able to combat inflation. This relationship is 

g i S' 0 n b y e >q u a t i o n 3 . 

Current Out put Pr ice 
Base Output Price 

Pr^icir'ig Recovery Index ~ ( 3 ) 

Current Input Price 
Base Input Price 

Mathematically, equation ( 3 ) can be represented as equation 
( 4 ) . 
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r-' I ^ 



ic?ing Recovery Index - R 



( j 



Qe ^ Pe ' 
Qe ' Pt > 



PI' 



wher^e?: Pt ^ = Output price in base period 



Pe u ~ Output price in current period 

Pi' Input price in base period 

p8 ' = Input price in current period 

Qe ^ - Outpi.it qi.iantity in current period 

Qe * = Input quantity in current period 

pju paasche Output price index 

PI' ~ Paasche Input price index 

R = Pricing recovery index (pei-'iod £ to period 1). 



LRef. LdO:p. 1973 

D. THE COST EFFECTIVENESS INDEX 

The cost effectiveness index relates value ratios of out- 
puts to value ratios of inputs for the two periods under 
considerat ion. This index reflects how costs for the current 
period cornpai'e with a cost re 1 at i on-sh i p established for the 
base period which can be seen as the ideal costs- In other 
woii'ds, this index is given by equation (5). 

Current Output Value 
Base Output Value 

Cost Effectiveness Index = (5) 

Current Input Value 
Base Input Value 

The mathematical expression of equation (5) is given by equa- 
tion (6). 
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Da ^ Pa ^ 



V I 



E f f ect 1 venevis Tridex -- E. 



Qi ’ Pi ^ 



Pa » Pe » 
Qi * Pi ' 



VI* 



(Lj 



where : Pi * 
Pa * 
Pe ^ 
Di * 
De * 
Qe 

V I 
VI* 



== Input price in base period 
“ Input price in current period 
■- Output price in current period 
= Input quantity in base period 
~ Input quantity in current pe?riod 
= Output quantity in current period 
Output value index 
= Input value index 



E Cost Effectiveness index (Period D to period 1) 

71*1 is index a.lso, can be repre-sented as^ the product i;;*f pr*oduii'- 
tivity inde>c and Pricing Recovery Index as in equation (7) 

E P X R (7) 



arid, shows the rate of change in costs rel^itive to sale?s. 
The interpretat ion of equation (7), is that, if sales 
revenues increase at a greater rate than costs the index will 
increase, and if the sales i^evenues decrease in a slower v^ate 
thari the cost, increase, or remain constant, the index will 
decrease. The setting value o>f these three indexes is the 
unity. If the productivity shows an increase over the base 
period the respective index will have a value greater than 
one, and if shows an decrease the index value will be smaller 
than 'Dne, If it remains constant the index V'jill be equal to 
one. CRef. EO:p. 197’J 
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L. Hi-jf'. v:3is fjF- 

In addition to t^'io cal cl- I at i on -;«f t^iC ind c:oc '-h- 
P rn e r .1 a a n P r o d 1,1 c t i v i t y C e r ‘i t e v*- i.i e a u t * e iii e n t ri 1 1 ::- d e 1 p r o v i cJ e a a i a >:• 
a var - 1 anc 0 ana 1 ys 1 Co GE^neira 1 1 y , t he pjr od uct i v it y van 1 car.c e 1 a 
|:he d 1 ffencnce bel;ween bhtj cliange in quantity of the product 
and the change in quantity of the resouneee used. T|-iis 

a . 's a 1 V c i c i e '/ e •• ' y x rn p o r t a r'l t h e n c ii*' r*i e i d e r' 1 r i g the n c* rn 1 n a 1 v a 1 i.i e 
f X ncj i VI d u.a 1 ne?eourc 0 B used. Then the penf or'-rnance of eacti 
e 1 e rn e n t ek s e 't , i n n e 1 a t i •:« n -s h i p t in p r o f i t a b i .1 i t y is e ;< p r' e s o- e d 
■|. vi !Ti ryneyv 

The model provides three types of variances. The first 
o t them is the productivity variance which is the difference 
between the change in the quantity of the product arid the 
ch<Ange in the quantity oif the v'esourses used. This is a r'ep- 
resentative indicator which shows the attempt of the managers 
of workshops in a Naval base to attain the setting goals. 
This kind of var i winces is defined in equation (7). 

Productivity variance = Ci = Vi ' (QI^ - QI*) (7) 
where: = Output value index 

VI* = Input value index 

Vi * = Value of an input during the base period 

Cl = Cost effectiveness variaric& CRef. c!0:p. 1981 

The second type of variance is the Pricirig Reciovery 
variance which is the diPference between the change in the 
price of the product and the change in the price of the 
f'esources used. In other words this i nf ormat ion shows of how 



70 



W03 1 1 ' <:»r ;.jar. ,L 1 jn ■ u*:. a !: ^ .ny a i nat b hG i n i- 1 ab i •... . ' 

pViCj. ng PGcovGf'y var‘' i a.'nc:0 i •: dGf riGcJ i ri t-?q LU'it i on ('B) ^ 

!’«v'icing Recovery Var i ance'^Ce * (VI^ -VI * ) -Vi * (QI^-QP) (8) 



£0:p. igeii 

The t i t *• d V a r 1 a n c: e i e t e c: iii < =• t e f f e •:: t i \' e n e s s a \ " i a r i c: ( :* 
which IS the difference between the change in value of the 
pir-oducts and the? change in tfie value of the resources use-/d. 



M'lis var iari'.. e 


i rid i c 


ates of how 


vje 1 1 


each 


res c* u r c 0 ti s e d i 


L-Cm 1 •" 


t r i but e^s t o 


the 


Cit t a i nrnent 


of 


t he 


o e r- a 1 1 g rji a 1 s f 


t I’l e- 


“» r g a n i z a t i •c r i . 


Thi 


s '/ariance 


defined 


in eqi.iation (9) 


as, 



Ve ^ 

Cost Ef feet iveness=C3 ^^Vi * (VI^ -VI* ) =Vi * -Va * (9) 



Vi ^ 



whcT'c: VI^ 

VI* 

Vi * 

Cl 



Output value index 
Input value index 

Value of an input during the base period 
Cost effectiveness variance CRef. EO:p. 198] 



The pricing recovery varviance also, can be calculated as 
the difference between the Cost Effectiveness Variance c'lnd 
the Productivity variance or, 

Pricing Recovery Variance = Ca - Ci 
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V I .. REQU IRcID FOR QPC 

The P.mer'ican Pr'od act i v ,i b y Center ;ii6?a suremeni' model cari be 

I ■ . j .. ;i a .. a b a e i e. t b i.i i 1 d a rn ti* d e 1 f ci r 1: hi e i v !:• r h. e ! 'i ci p s «:i f a f- J a v a 1 

T a e ij. s .1 Vi q t h e f 1 1 o w i vi y m e a s u r ■ e m e n t g i.i i d e : 

1- Ue mu at ideVitify the goals L\r\d objectives of the 

v^ar !<ahiOpf:=. 

C. hJc must determine the available elements of inputs. 

3. We must define the outputs to be. 

^ i n ally, w e rn i,i s t f i:;i rii 3. t e t h e m c« del. 

P. OBJECTIVES OF THE WORKSHOPS 

In this section ive have to determine accurately, i^tiat is 
the woir'kshops of a Naval base expected to dc«, what ar'e the 
main objectives that the workshop must accomplish, in order 
to re?ach its goals, and what are the rest of the objectives 
arid how these lwb rel^lted to the main ones. 

1 . Wor^kshop’ s Maintenance Goal 

One of the primary goals of the workshop is to 
provide maintenance support to the fleet’s ships, in such a 
way to maKirnize the ship’s readiness and availability with 
respect to budget and time constraints. E«y the term ship 
readiness we mean the ability for all systems (machinery, 
electronic equipment, etc.) that suppov't the mission of a 
ship must be fully operational. In other words the ship 
r'eadiness is the probability that the system is either' 



7E 



t !"i e 









f i c:i e rri o. r'l d . Q ri t hi e C' t hi e r hi ri d ^ 1 1 •/ .l 1 £ri b lilt y j. s t h'l e y i ' c.' 

-ability 'th^t ev 0 r'y ship oh thio h.lotjh uill o per 'a to sati. siac 
t oi - 1 1 1 y ar'iy g i ven t i rno. The ava i 1 ab i I 1 1 y of a ehi i p cai i be 
O': p!r*eee:od ao the rat i'::i between the M, T. B, M. Olean I'inie Be- 
n a i n t e ri a n c e ) v e r- t h e !=. ’j. rn >::• f t h e? M . T . Eh F . ( t-l e n T i i n e 

P e •: vv 0 e r i F a ,i 1 u r e ) a n d t hi e M . D . T . ( M e a n 0 o w ri 7 i ni e ) < a ' , 



M- T. B. hi. 

M.T.B. F. I M. D. T. 



2 * M a i n Q b . j C-? c: t .1 e e f i- J c« r k s h c? p s 

7 h I e r G a r e t u i.j ri i a i n >:« b j e c t i v e e of vj o r" k e h cj p a i ri ■:» r d e r- 

t*i:- niaHimii^ie the eh ip’ 3 readiness and aval labi .1 i ty. The f.i’r'st 

rne i. r- the ma i rit enance effectiveness which is the variable 

thKjt Influences ship’s reliability and readiness, and the 
sec/ond one is the number of ship’s i rispect i ons concern iruj 
niach i riery , electronic equipment etc. in a given period of 
time. To reach a high degree of availability a workshop has 
to attempt to incr'ease the mean Time Between Maintenance and 
decrease the Mean Down Time- The M- T- B. M- is affected by the 
preventive maintenance which has standard intervals of time 
depending upon the different types of inspections of the 
sh i ps. 

The ship’s readiness depends upon the ship’s 
reliability- Ship reliability (R) is the probability that 

every subsystem of the ship will perform intended function 
for prescribed time under the stipulated conditions- 
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TS ,.v, 



;i U.ir f? rate ■ A j 



p M: > - f=- - 



where ; R ( t ) •- Sii i p T'e I i ab i .1 i t: y 

“A Rat >5 of faiAure 

t Tiriie 

The- rate of failure (^ '• cari be defined ae: 

i 



A - 



M, T, B. F. 

■' v. r<der to reach a iM'r[<ehop the M. T. B. M. in high level!: f or 
the nioet ot erivo of the ships is required to l<eep the ratt^ 

of fadlure in low level. But, the rate of failure depends 
i.ipon the qi.iality and of how the systems of the ships ar'e new 
or not « 



3 . Ot her Workshop’ s Objectives 

I n a d d i i; i o n t *o t I"i e m a i ri •!« b . j e c t i e s of the rj ij r k s In o p s 

e h a V e a 1 sc* the f o 1 1. w i r i g : 

1« Personnel require continuous training in order' to 
niairitain a high performance level. 

Or The safety systems must be kept in high standards. 

3. The quality of the end product must be co«nt inuously 
improved. 

4. Each workshop must improve the utilization of manpower 
and material. 

5- New methods must be investigated to make the planning 
and scheduling of maintenace work better- 
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Tfie total pr odLict 1 V i t rii'.;*::; a 1 i.iclude all the 

•\3.\'y inpLibs ;And outputs 'a r a par't icu. l a r*' pr'ccess. ^h i a 

pfoceaa; can have any nLunbei'- of input a. Figure G. 1 shoue a 
d .1 r' ar.i • j f a pos-sible number of iripij.ts vjhich are considered 

. 1 . n a p r «d u t i % 1 1 y ri': c* d e 1 . B o t Y\ i n p i.i t s a n d i::i i j, t p ij. t s f ii la 5i> t be 
rue a eu. red in the earne uriite eo that the r'atio of these to be 



! I ’ e a. ri ]. ri g f ’ u 1 . I n t h e f rj' 1 1 cj w i n g sect i c*' ri s [j r o \ ‘ i ci e a n e k a rn ]. r i /a t i o r \ 
■\ T‘i d d i 3 ' j s s i «.j n i:< f the rii a j '‘.j r i ri p i.i t s - 
1 « Labor 



By the term labor wt? don’t mean only the workers of a 
«^jcr kshop but also the engineers and planners, namely the 
w ! ^ o 1 e w r k f o r t: e . I ri iii n c j e r t c« rn e a s 1. 1 r e the t ci t a 1 

p r ic d u c t i ■'/ i t y , the t >:« t a 1 lab C' r f rs r c e rn u s t be c iii n s i d e r ' e d . 
Fherefore, it is better to use man-hours as the labor-input 
component.. There are two types of man-hours to be 

considered, the "regular man-hours" and tlie "overtime man- 



hoi.ir's". The first one is analyzed into the following: 

1. Pay card man-hours according to which the employees 
receive their regular" salary, 

L. Assigned machine time man-hours which are the number of 
man-hours that a particular" employee is assigned to 
operate a specified machine, 

o, Pctual machine time man-hour"S, or", the rnan-hour"s 
actually spent oper'atirig the machine to which assigneti. 
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: h Cf U e r 'r i riT-;:- M - r- ■ ■ r i- i o !;• h ^ 

ibe rn<^ nay erne r:t to be paid a^ the .v.-:-, birne r-at^^ t«. : .- o 

i jor U 1 «:;• ad w i t h i n accG p t a b 1 e 1 i rn 1 1 . 

I ndspendent ly of the ^.bove •;jet enni i nat ioin the marv- 



^rO.ir-"-. c 


a r"| 


be rJivided Ir 


“itoi two 


c^ t e g ' 


or 1 es, 


t he hoiurs 


pi a i d 


f 00 


a r'l d t. h e 


VjC 


rd<ed ho'ur-s. 


The fi. 


r-st c 


at egiory 


includes ; 


all hi- 


ji.lV'S 


Oi ir- |re(j 


by 


i'he workers 


plus th 


t? not 


worked 


hours but 


pa i d 


foo- 



a:.ic!"i as '/acat iovis, sick leave, etc. The second categor"/ in-- 
cli.ides all hom-s scheduled wo«rk, rest periotds, lurich 

bv'eaks, etc., namely covers the vjhole schedult^d work time in 
wh 3 c.-h t tie 1‘4'Or ker i s work i ng or not . 



The 


pref err'ed 


1 abor 1 nput 


i n wor kidnop-s 


IS the v^JOf'ked 


tidii=lL£ i-'^hich 


reflect iri 


S'ome way 


all changes 


i n vac: at i c«n 



n r ' -a c t i CCS, T h e r e c o v ^ d ^ i in f p r' o f e? s s i o» ri a 1 s , exec u t i ' / e s , v*i id 

other employees do riot r^eflect overtime or te^^por^Aty abseriC(?s 
froH.n their- offices, although some estimates must be made. 
CRef- L?S:p- 19SI1 

Cap i t a 1 

Capital is one of the most important inputs but also 
difficult toi measure. When we are referred tc< the business 
capital can be considet^ed to the holding of a company, boith 
tangible and intangible. For the accounting area capital is 
divided into two categories the fixed and the work.ing 
capital. By the tervii fixed we mean all these elements such 
as building-s, machinery and electronic equipment, tools, etc. 
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i f'l Of"/ , cai.il'i, i ,-v!: o ro-ce i , oj.b \ 



Rs? f . 



■'■I f: .1 



INf-’IJT9 



LOBOP*: 

-I’lECHftNICS 

-•SUPERVISOF'O 

-MANAGEMENT 

-P-'ROFESSIONALS 

-CLERICAL 



MATERIALS 

-RAW MATERIALS 

-PURCHASED 

PARTS 

-ASSEMBLIES 



ENERGY 

-ELECTRICITY 

-SHIP P"UEL 

-HELICOPTER 

F-UEL. 

-GAS 



CAPITAL 



FIXED 

-BUILDINGS 

-ELECTRONIC 

EQUIPMENT 

-MACHINERY 

-TOOLS 



WORKING 



L- INVENTORY 



MISCELLAN.EOUS 



-PERSONNEL’S SALARIES 

-PERSONNEL’S MEDICAL 
CARE FACILITIES 

-MAINTENANCE EXPENSES 
FOR GROUND EQUIPMENT 

-MISCELLANEOUS EXPENSES 

-OTHERS 



Figure? G. 1 Considered Input Elements for the AP'C Model 
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D r 1 e 


of 


the eas 


lest inputs. 


t 


the 


mar'iu fact i.rr 




prC'Ce-ss is 


the 


ar'in ua 1 


cofiipi.d; at i on 


f 


t he 


ex pense-s 


' j n 



riu?.t ei -- 1 1 s. The types of mater^ials used depends up*'::!!-*! t^le con- 

i^idered industv'y. Especially in wor'kshops the term includes 
.^.11 the ex pend i t ures i ri sheet of metals, oil, grease, pipe?:: 
or dirferenb sizes. The ship’s mairitenance zdso requiv'cs 

special parts in machinery zind electronic equipment, whole? 
machinery such as pumps, boiler's, electronic devices which 
arc* [jurchased from supplier's and covered under a warrzmty ir’i 
a s pec .1 f i c per' i od o f t i me . 

• E ner’-q V Resour'ces 

Iri today’s economy, the ener*gy cost is one of the 

lav'gest experises of an or gan i zat i on’ s oper'ation. In the? to- 

0 

l<sl product i vity model the total er'ier'gy cost cor'isists of all 
costs depending ori the differ'erit erier'gy sour'ces. Especially 
for- the workshops of a Naval base the ener'-gy can be (Jivided 
into two ar'eas: the electr'ical cost for the lighting o (' thie 
workshops, or- for' electr'ic drive machines and other' power'eed 
eqiAipment. Fuel r'efer's to the oper'ating cost of the -ships 
dur'ing check tr'ips, vehicles ar’id tr'ucks, and other' gr'our'id 
equipment for' example to gener'ate the heat for the buildings- 
5- Mi seel laneous Inputs 

Pnother' big categor'y of the inputs the rniscel” 

laneous expense-s categor'y includirig all costs which arrlse 
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f‘! In: f* '■ ^"C' ..^n r.V •>• 

ampins t'r'C'fn Cc.\ t (i: _» ■l-'.i’L? r‘'r“ 1 " i:>: r r ■■::••..■' t Cl I’hE- iCiCi ! it 1 \ C 

u 1 prnent ma int enarico , to th0 damago of -liroriie part a of the 

[j 1 ■ i;.*' p: 0 r' t y , t o t h e c hi a r- g a? e: f ‘ c< i t e 1 c-? p h o r\ e 5;. c?. r 1 d t e 1 e t y j j a s , t 'i' the 

i.j r f j. 0 1; p p 1 .l , 0 ‘b c: . 

C, DETERhil^^nTinN OF OUTPUTS 

outpM.ta- rni.int ba considered very ccArefully just thie 

measurefient of ttie inpiits, Sirn::e there is a wide variety of 
o j. 1 1 1 j u. t is t h e f i r s t t h i r i g that we ha v e t c« d o i s t «ii c J e t e r" rn i r i e 
what the oi.itputs of our' or'gan i zat i on are. Figur'e 6.0 shows 
sonie:-* of typical outputs i ri a manuf ^.^ct ur' i ng or'gani zat ion CF^ef. 
0 . 1 . :p. 501 Especially, in the wor'kshops of a naval base the 

•iiutputs must be the provided ser'-vices to the fleet ships. 
These ser'vices are requir'ed to rnairitain wartime capab.ility of 
the ships iri high level and ar--e per f or’-rned c^ccor'd i r*ig to th(? 
mariu f act u-rer ’ s rnaint enar*ice plans. These plans give d.iv'ec- 
tions for many inspect ioris in such a way that all systems of 
the ships under and over' the sea level be rnairitained in good 
cond i t i ori. 

Gome of the var'ious ser'vices that ar'e p'rovided fr'om the 
wor'kshop facilities ar'e fr'om the simple phase checks of the 
hiull of ships by r^aising them onto the wet docks, up to the 
heavy ones which r^equir'e some r'eplacernents of the inr^ier' arid 
outc^r'- metal sur"faces, boiler^’s tubes and furnices 
Irvspect ions, measu'rernent s or'i the main tur'bines and other' 
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g: L gc: ■: i or - 1 c eq u i prnent , etc « A 1 1 c hese j obs arc do i nq j n 
r ' e g I J. 1 a r p e r i •.:> d s c« f t- i r 1 1 o a n d a. c c >::• r ■ d i f-i g t 'H the e :< .i ^ > t i ri g 
■ peci f ]. cat ions and at andarde . 

T • j. t a J. 1 t hi e a b '/ e? .i ri f v ' rii a t i •;:« n j. ft t c* p r o f ij c t i v i t y rii rj' del 
he fir-ct thing thia t v>;e have to do is to convert all these 
f u.rict i C’fis into money. This tas!< is extremely hard because 
tlie value of niater’ialG used, changes day by day. For 
example, in the procedure of performing the repair of a par- 
ticular device the total cost conriists from the cost of the 



rnechart i c" s labor plus the cost of the nev'j parts and riiate?rials 
v*^h:l.c:h are required during the repair. Gt at ist ical ly the 

g-f'eat percentage of the outputs consists from the above rnen- 
tioried component s, n^unely, labor and material. 



D. GUMMPFTr' 

Summarizing the components described in section B for a 
idavy workshop facility such as Labor, Material, Capital, 

E. fiergy, M i see 1 1 aneous, are the basic inputs which must be 

measured and be used in productivity measurement 

computations. Our attempt should be the inclusion of all 
fjossible inputs which are going into the workshop facility 
process. Since it is very difficult to consider all inputs 

fr'om the major ones to mino)-' ones, any deletion that have 
bee^n made must be no substantive in the cornput at i ons- 
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Figur'e G- General Considered Out pat Elements for a 
Product i vity Measurement Model 

On the other hand the outpi.its as have been mentioned in 

section C, are composed from two different elements, labor 

and material. The first element consists from the tasl<s of 
the wholes work power of the workshop facility as mechariics, 
•super"'/ i sors, planner's, arid other" personr-iel . Thie goal fov' 
measur"ing pr"od act i v i t y is to rneasur"e each task and cor‘iver"t i ng 
them into man“hour"s equivalent. PI so assigr'ung to each of 
these tasks a dollar" value ive sh£.^ll have the total labor*- 
cost , 

The second element is r"elated to the cont r" i but i on of 

mater"ial to thie ma i nt er*iance task. This element can be 
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c: <: :• :• 1 i t y r T h 0 r: 1:1 rn b i n t 3 . iij ri o f t h e 0 e 1 c< e 3. e m e n t ' p r o i c j 0 <_-■ -l: h 0 
Vi o r I <■. : i h o p rn a i n I* n a n c e f a c ,i. 1 i t y • c‘' u t p i.i t . The f i n a 1 p r o d 1 j 1 j 1; i j f 

•"he facility i^s a re^jca i )*ed chip ready for trip. Certai. nly^ 

':hcre ar'e ali:o hundreds of other' tasks to be accomp 1 i shed in 
•arder- to be a ship r^eady for trip. Figure G. 3 shovjs the out- 
pi.d:s of a Navy V'jor kshop mairrberiarice facility. CRef. 31 :p, 601 




MftlNTENPNCE 



Figure 6,3 Considered Output Elements for the PPC Model 
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CQNCLU8 I QNS PiND .RECGMMENDhT I GMS 

n, CONCLUSIONS 

HS stated in Chapter I, the purpose of this thesis was to 
clarify the meaning of Productivity in a military env i r"onnient 
such as a Navcil base, to pr^esent the most appliCcable pr"oduf.- 
tivity measur'ernent methods, and to develop a gener'al measuf'e- 
merit riiodel which could be easily adapted to the purposes of 
■I; ih e w o r k s h c* p s - C h a p t e r' s II, t h r' 'U u g h V f c i.i s e d o n t h e a b ci v e 
mentioned objectives. This chapter sumrnar i ze^s step by step 
i;he major concl usions f rom the pr'eceding ch^apter'S as some al*** 
ter-native methods for increasing productivity in the 
workshops of a Naval base. 

Ir Produc^t i vity measurement programs of the ivor kshops 

whichi i. ncorporat e the concepts of efficiency may lead to the 
c o n c 3 5.1 s i c> n t h at i rn p r o v e m e ri t s a r e b e i ri g m a d e w h e n e f f i c i r i c- \ 
improvements ar'e being made at the? expense of effectiveness. 
Cii t^^e other side, if theses programs incov'porate only the 
concept of ef feet iveness, they may fail to consider' costs f*ov' 
achieving the levels of ef f ect i veriess and may contribute to 
inefficient use of r'esour'ces. 

c. The workshop pr-'odijct i vi ty rneasur^ernent model sho«jld irr- 
elude multiple rneasi.ir'es of efficiency and ef f ect i veness to 
assure that the?se facets ar'e both adequately co verged. 
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the Y\ ij. fii b e i ' i:;i f e r*- 1 ■• r • s , 
etc. , compared t*; 



?. Efficiency and ef f ect i veriess measures are most useful 
if they hcfive as niany as possible of the following char'ac- 
t ti- ; i st i c s and feat Lir es . 



a ■ 



The measures must 
cover all facets of 



be complete. Namely, they must 
the wor'kshop ’ s mission. 



b. They must also be comparable during differ-ent 
t irne periods. 

c. The outputs used in the efficiericy measures must 

cover the inputs used by the v^orkshop. For example, 
if one of the primary irnputs is labor, the output 
measi.rres shoi.ild cover the obtained r'-esi.ilts fv'C'in 
all wor ker out put . 

d. The measures also must be compatible with the ex- 
isting data sour'ces rather-' than r'equire the col- 
lection of new data. 



e. 



fill measures rni.ist be acceptable fr'om all members of 
the workshops whose work output is being measured. 



4 . There 
cont a i ried i n 
val id 1 ty of 



are also some other char^act er i st 1 cs which mus 
a set of product i vi t y measures, such as 
the measures, tl’ie i.mderst andcib i 1 i t y between 
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El e f* r e 1 ri i t i a t' i r'l g a p 1 a n t o i. rii p r- v e p r’- >rj d u. c t 1 v i t j. ri 

t JCir l<:r>hi::pa, the fol lowing basic '{steps rin.ict be recom.'iiended . 

I'Je musst deterrnirie the workshop goals ^u•|d object iv 0 s» 

U'e have to identify the cornponents that have to be 
;i ri <::• 1 u c i e d ( i n p u. t s , o li t p ix t s ) . 

W h a V e t o s e 1 e c t t e 1 j ri its t m e a 'is 1 j r e these el e ni e ri t s 

that will simplify the model application with respect 
t o ava. i 1 a b 1 e dat a . 

K'e have to frornulate thee model by represeent i ng the pro- 
d i.i c t i V i t y r'e 1 at 1 onsh i ps , 

Last, we rnu?st provide an analysis of the model’s output 
arid interpret the results. 

By measuring productivity our^ objective is primarily one 
> j f inipr-oving product ivity. Pny product ivity nieasureruerit 

iiiCjdel is a decision support tool. It will ideritify 

shortcomings, but doesn’t show how to correct them. P 

successful product ivity measurement model faci 1 i t ates the 
analysis and dr-'aws our attention toward the cor'rective ac- 
tions that have to be done. 

Top managenient support towar^d system improvement by corn- 
rnitfiient to long term goals, based on r-'esear-'ch and development 
programs, will increase productivity. The rnanagernerit of 

workshops have control over any pr^oduct ivity irnprovernerit 
program, and must be realized that any investment either in 
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eq 1.1 i p: file nt will have its pi od vc 1 : x / e res .ill; a, Any xndxc;>!:i/a 
V a r 1 a t'l c e by the rri o d e 1 iv ill Li e t h e k e y f i- f ij. t u i • c ; 



i niprovement 3 - 

B >' k e e p i r; g c 1 o a e t «":• p r o d u c::- 1 i v i c y a r i d c;^ C' s t e f f €^* c; t i v' e n e-.' a b 
X f 'I >: j e r: h a t'i g 0 s , i'r o rn p c? r .i d t »: :< p e r i '.j d , t h 0 ui o del e vi a b lea t h 0 
Ivor IxBhup facility to study these char'iges and focus rnt'Anagement 
r esoiir ces on c-ucces-rs f i.i 1 act i on 4 Fr'oni t hese i v'lpi.it s , cent a .1 vi 
r K ‘ ri c: ;i. 1. 1 i •: > n 3 / c: ri be d n a w ri a b o i.i t t h e w c« r* k s h o p's p r o cess c t 
ef fecb i verieBS arid can suggest dir'ectxon and action maria genient 
!ii u I- t a k e f c« r p r" 'i' cJ u c t 1 v i t y i ri i p r o v e rn 0 ri t which p o i n t i::i i.i t t h e 
'/} a y 3 •::« f I r, v e x-i t 1 g a t x ' :• n f o r the m a n a g e rn e n t . 

Iricrease in labor"* costs may also cause det er 1 orat i ori in 
t hi e p n d IX c.: t I v i t y i r 1 d 0 ;< a n d / c* ic o -s t e t f e c t x v e ri ess i ri d e x d ix e t o 
ari iricreaBe of workers needed per ship overhall <:vnd/or- risirig 
:«f wages. Gr gani i cat i ona I management mixst be concervied x Vi 
]. -3. b c* r p •:< d u c t i v 1 1 y j. m p r* •::! e rn e ri t i ri 1:1 r d e r t 'li f f s e t a g e • - r a t x ? 



i ncr"ea*ses, 

An iricreasG in capital costs can result in det er i or at 1 ori 
‘Z‘f productivty. Such increases are Justifiable only if they 
are offset by an increase in production efficiency, result irig 
in output expansion. Oil capital requirement *s will be 

r*t?duced if we decrease inventory or if we increase the 
utilisation capacity. In order to maintain the work-shop cost 
effectiveness level, the price of capital depending on the 
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ro\.A ef f er:t index if there is no parallel iricr*ease iri 

h ■' e y s 1 0 'll s f ’ e p 1 s c (a 5'ii e r*i t c «-< s t . 

Finally^ if the ener^gy consarnpt i on is unreasonable we 
:: I "I . j 1 1 h a / e a n i n c r • e? a e id f p r o d i.i c t i v i t y a n d c ci s t e f f e c t i v e r'l e s s 
iride>::es. This can be offset by an incr^ease in energy jjr- i cos. 
Fov' trrat reason r-tne of the pr'irnary cor'tcern of fhe W'.yrirahop’ s 
i II a ri a [3 e rn e ri t is t h e r i e ri t a t 1 ri t o o t h e r a 1 1 e r‘- ri a t :i. v e s o i.i ) '■ r. • o s- . 
rRc?f. 1-^^pp, 

I Tidependent of the a^bove ways ther"e ar-e many other ways 
for- improving v^or^ker' pr'odi.ict i vi ty. The fiiost well kr^iowri auiong 

tiiese methods, whicfi have beeri des^e loped arid impleinerited with 
some degree of success, will be discussed. 

1. Mor‘-e specifically, .job design is based on the principle 
of designing the Job to fit the persor-i. Ergonomics or humari 
factor'-s, is an appr*^oach, which emphasizes the physic^Al work 
design that should lead to incr'eased pr^oduct i v it y . 3ut 

before we pr'oceed to the design and irnprovernerit ther^e are 
iiiarv/ questions which must be answer^ed. For example hovj much 
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'bcv. 



^ i T'- t , 1 0 t hi & N ■:< r" k e r' • p r o d i.i c: t i v i t y u h i c b i c. a r’ i h) e 

d i V i d ir.^ d .1 n t c> a <: f; u a .1 < :• r l< 0 f f*‘ i ci e n c y ( .• ' a b i *• :< «:;< f «:« i.i I -• 

p * 1 c 1 1. •' i r I p ij. t ) a ri d i n t o p h a 1 c;i 1 1-:« t] i c a 1 e f ’ f 3. c i c? n ( : 
(ineacMr'0 of the physical work r'eqi.iircd to complete 
•::X task) .. 

b. r* CO ncJ , 
f a c b c* V' 
bocauae 
,ity. 

c. IbiTY-'cJ, 10 the worker comfort. It is ur'iqueest lonable 
tkiat wOf'l<ef’s tend ti.:' be able tr.i pr'od'.ice more w^1en 
t h i? y a r e w c< r k 1 n g i ri c o rn f >::« r t . 

1 1 'I d d 1 1 i v 1 t «:i t he a b 'Z« v e r*i 0 ri t i i*_i ri e? d c <::i m p •:< n 0 r'l t s t her' e a r' 0 
•< h 0 r- s w h 1 c: h h e? 1 p t •:« i rn p v o v 0 w •:« r' k. e r k' r o cJ u c t i v i t y . B C' rn c «; :< f 
liicrn are phys 1 o 1 og 1 c:a 1 riieasur'ement s, the cor'r'ect design of 
t!'ie: i>?orkplace including the design of tools, equipment, the 
i lii'jv'ov erne r'l t of the wor'king env i r'onriient by pr'o»vid ing adequate 
:i ] 1 urn 1 nat 1 ori, controlling the noise, the t ernperat ure, the 



is the safety of the workers. blunivari 
t r y b «.j 1 fj 1 p 1 ' o '/ e s .a f e t y v; •“! t ' k r • e g 1 a t 1 <:< n s 
doing so will irnprose the cur-r ent producti- 



hi-irnid 1 ty, etc. 

£r ftnother good motivator to increase worker productivity 
is the incentive of money. Ps we have defined eav'lie'r s t arid- 
ard time is the required time that the typic^il worker, work*- 
ing under' nor'rnal conditions, has to complete a specific task.. 
The worker- who can complete this specific ts\sk ir-i less time 
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r:i>.. ..t ftt:;'; iL ■; i-. r j . v!"i-ir-| ' '.e t " \ r' ( 

this '’jcc^irs it IS jlsi.j tor' M:Ai-i •••(;> ?:?;jis}nt of wor' _:r v . 1 1 . 

willing to roward tho rnor g producti\e workor’s with fit.jro 
thari typical wages. Iri such a v-jay we shiall have some i n - 

Ci oace in product i v it;/ because of the effort of e/ery wo\"ker 
b Cl l:i e 111 r e p r ' C' d • j. c t i v e . 

Tkiere is also another new concept i ri the prod uct i v 1 1 ■/ ii;i 
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q ■ 1 i t ' V C unt r- 1 i r c 1 e wh i ch can be d e f i ned as a g r o i.i p o f 

worke^rs wbio meet for a periii'id time every fifteen days or- 

e V e r y n i ci n t h t »::• d i -s c: u -s -s t h e i r p r o b 1 e rn s a n d f i n d s c* 1 \a t i ci rj s t c* 

thern„ The-se meetings aim to effect i rnpr’-ovement s in product 

quality, produc t i vi t y , rnotivation of the v^or'kf ot'cg. Thiey also 
g ;j. V e u o r k: e r s t h e p p o r t ij n i t y t o i ri f 1 i.i e r\ c e d e c i s i C' n s a b c> li t 
tl’iei'f' vjork., management -*• employee relations and they promote 
t r a i n i ng 1 n prob 1 ern so 1 v i ng . 

5. Ai-*iother concept closely related to the quality of wov'k 
life programs is flex it ime which allows workers to set their 
own hours. In that case a minimum of wor'king hour's is 

t eqi.iired for every week or month. This system gives worke^^rs 
more freedom and autonomy about when they vjot'k. 

6. Job rot at ion is ariother technique used by or gani ions 
to attempt to motivate woi'kers to incr'ease prodi.ict i v i t y arid 
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